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Description 
Methods for Preparing Coated Drug Particles 
and Pharmaceutical Formulations Thereof 

1.0 Background of the Invention 

The present application is a continuing application of U. S. Provisional Patent 
Application Serial No. 60/108,847, filed November 18, 1998, and U. S. Provisional Patent 
Application Serial No. 60/110,291, filed November 30, 1998, the entire contents of each of 
which is specifically incorporated herein by reference in its entirety. 

1.1 Field of the Invention 

In general, the invention relates to drug particles or drug delivery particles coated with a 
biodegradable or biocompatible material, such as a polymer, to control surface properties, drug 
diffusion rates and release rates. More particularly, the invention provides methods for 
preparing pharmaceutical compositions that are coated with ultrafine layers of organic 
polymeric coating materials applied through the non-aqueous, non-solvent technique of vapor 
deposition processes such as pulsed laser ablation. Among the many advantages of the 
disclosed methods are control of coating both the thickness and uniformity of the coating onto 
the surfaces of the selected particulate drug. 

1.2 Description of Related Art 

Currently, aqueous/solvent (wet/sol) techniques are used to produce polymeric coatings 
onto particulate materials (Zeng, 1995). Poly(lactic acid) (PLA), poiy(glycolic acid) (PGA), 
and their copolymers poly(lactic-co-glycolic acid) (PLGA) have been used to create 
microspheres that are currently being researched for pulmonary drug delivery of several drugs, 
but common solvent-evaporation techniques produce low encapsulation efficiencies (1-10%) 
and complicated processing (Talton, 1999). Unfortunately, the present methods of applying 
these coatings onto particles for pulmonary drug delivery have not yet effectively achieved 
particles in the micron size range. 

Dry-powder inhalers (DPI) are used to deliver various drugs to the lungs for either 
localized or systemic delivery (Zeng ; 1995). Although the current drug delivery systems are 



0026969A2 I > 



WO 00/289*. 2 PCT/US99/2740. 

n,od era , , y efficient for pu|mon ^ drag administrmion [hey ^ 

wn pu,monary deposilio „ characKristics as wd| ^ ^ reiM kj . ne(jcs P - 

inhalation (Hochhaus, 1997). g 

Na„ocapsu,e and microsphere formations «ha. are wel, known in lhe p Ha™aceu,ica, 
5 « have been ,y pically in efncien, in de|ivenng ^ ^ ' - ' 

and contro, of th e pardCe si Z e and coating thicknesses Have oeen pro b,em,ic. ^ 
shortcommgs nave been encountered using Hposoma, formations Co coat drug parricies. 

1.3 Deficiencies in the Prior Art 

10 coat d ^ n ° ted the P ri - - -"hods are ia c ki n E in many aspects for the p.epa.a.ron of 

coated rug parses , hat are optimized for ^ J 

reports Have used pu.sed ,aser deposition to deposit po, y meric nano-partiCe coanngs I fl a 

<HMSe - ' 988; '»* Li ' '«= « »d none Have ^ 

coanngs on parade, Likewise, prior deposition methods Have been ,arge, y unabTe o 
» ~, y p ultrafin _ led dmg n ^ ^ J -* 

™*e them usefit for aeroso, deiiver, of drugs to ,He puhnona. surfaces of an a„i maI I 
The most severe „ m i, a ,i ons of to prjor „ ^ ^ * 

P rocess,„g„ m es, and p orosity fronisoIventevaporat . on(Ta|ion ^ °"S 

20 oarf , TT' " " me,h ° dS f °' — d drug 

foj at, ns wtth superior drug de.ivery and efncac.v P ro P e„ies. Particuiariv ,acki ng are 
«** for ,He preparation of medica.cn. ma, comprise coated drag partiCes'of a sj I 
funcuonahtv that are useful for aeroso, or other pulmonary delivery. 

25 2.0 Summary of the Invention 

orovid- ^ Pre r W inVe " ,i0n OVerCOm£S *~ ^ °' her inheren ' "» *■ P™ art b y 

prov,d,„g novel coating methods for use in preparing coated panicles, and in panicu ar coate 

drug parricles for Having .mproved pharmaceutica, properties and enhanced bioavai, , 

araetertsucs. ,„ general ,He methods disclosed hereto provide a means for coating host I 

z: : one or more iayers ° f discrae c ° a,ins ~ «* - - — P-d 

dhere general,, uniform,, ,o the surface of the bos, paniCes to form eirher continuous 
d.sconnnnous coatings depending upon the P a„icu,ar application of the coated par.ic.es 
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2.1 Methods for Prepar.nc Coated Drug Part.cles 

The method of the present invention involves physical vapor deposition (PVD) of the 
polymer coating onto the surface of the target particle. Means for achieving PVD are we, 

> atZn'If "J " " mC,Ude ^ m6th0dS ^ ^ — - — 

b,a non of a target matena, to produce a flux of coating parses, which are then contacted with 

^ host partlcl ^ aI]owed tQ form a coadng thereon Dependjng upQn ^ ^ v ^ 
r the length of deposition, the number of coating particles, and the thickness of the resumng 
layer of coating onto the host panicle can be varied to achieve the particular objectives of 
given coating process. Jeeves ol a 

In the coa,i„ g of drug panicles , the inw ^ ^ ^ ^ ^ ^ 

laser abladon in the prepara,ion of ultrafme drugs having atomic t0 nanometric . sjzed 
coanngs ma, impart improved phatmaceutica, properties to the resul.ing coated dl ^ 
present coating methods are particularly desirable, since the drug panicles themselves no, 

™ us of PLD aiso m.„,m,zes the therma, decomposition or denaturation of the coadng 
-erta, ttseif, and permits the deposition of the materia, onto drug parriCes that may he 
mamtamed a, amhient temperature during the deposiiion process. Laser ab,aUon is a subs,an,ia, 
.mpmvemen, over me therma, deposition and sputtering methods of the prior „ that „ often 
unsudable for depositing organic polymer coatings onto organic or inorganic drug panicles 

trough relation of the physica, parameters of the deposition process (including vapor 
pressure and coating exposure „me, the skifled artisan may now for ,he firs, dme prepare . 
vanety of particuiate drugs tha, comprise uhrafine particuiate coatings. ,„ particular the 
-tad affords the centra, of both the extent of particuiate coating, and the thLess" 
tesuhmg coating ,ayer on ,he surfaces of the drug paniCes. Both re,ative, y thick 
and re,a„ve,y thin coating , ay ers may be produced by controHing the extent of ,aser lain 
process and the exposure of the target particles to the coating vapor. 

Likewise, to provide optimum deposition of the coating onto the surface of the drug 
pan.Ce flu.diza.ion means or an agitation means may be emp,oyed to agnate .he host particle 
dunng the coating process both ,o prevent agg,omera t ion of the resuhing coated pan.Ce, and 
also to con.ro, the extent of coating thickness onto me host paniCes. Such fluid.zation means 
may mvolve a physica, stining or a,tcma,ive,y may invoive subjecting the target panicles to a 
stream of a.r or gas or other fluid to agitate the panicles during .he vapor deposition process 
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The present me.hod prov.des improved means for producing ind.vidua, hos, pan,c,es ,ha, 
remam non-agglomerated after ihe deposition step. 

The materials employed in the coating process are preferably materials such that when 
ablate by an energy source, comprise a vapor of discreet parttcles .ha, are extremely small- 
typtcally preferred are coating panicles mac are sized on the order of from about I ,o ,00 or so 
nanometers in average diameter. While the deposttion materials employed in the predion of 
oared drug paries may comprise an inorganic or an organic material, in preferred 
mbod.ments the mven.ors have found particular benefits in selecting an organic polymer for 
aser ab atton and deposition onto the surface of pharmaceutical compounds. Particularly 
prefixed as coatmg materials are organic compounds such as PL A, PGA, PLGA, and related 
polymers, and functionalized derivatives thereof. 

The inventors have shown that these polymers may be readily deposit onto the surface 
of drug parttcles in preferred panicle sizes and layer thicknesses using the laser ablation 
apparatus and method disclosed herein. This merhod may be used to deposit one or more layers 
of nanometric-sized coating (each on the order of from about I m to abo „ t I0 00 
flt.Ccness) on core panicles that range on the order of fiom about 0., mn to about 500 mn in 
dutmete. The average size of the resul.ing coared drug panicles have been demonstrated on the 
order of from about 0. 1 .o about 500 urn or so in diameter. 

The PLD process for coating the drug panicles of the present mvention is illustrated in 
the ,ex, herein, and in the accompanying figures. For example, FIG. ,A and FIG. IB show 
schematic diagrams of an illustrative experimental setup for PLD of coarmgs onro hos, particles 
Thrs setup mcludes a Urge, and ,he particular subs,ra,e contained wi,hin a vacuum chamber' 
The scalable chamber is provided so ,ha, the atmosphere within me chamber may be comrolled 
as ,„ , e panicular gases presen, and as ,o ,he pania, pressure within ,he sys,em using common 
technology. A laser beam en.ers me chamber .hrough a suftably nansparen, window (such as 
quar,z) and imeracs wi.b ,he ,arge, The radiation from ,he laser is absorbed bv ,he Urge, 
matena based upon i,s absorption coelT.cien, Due ,o ,he coupling of ,he laser pho,o„s wi,h me 
^ge, , e surface of ,he targe, materia, is rapidly hea,ed and cxp^ds from ,he surface in,o ,he 
baclc-filled atmosphere in ,he form of a flux of abla.ed species called a plume. Due to collisions 
between neighboring a.oms, polymer chains, and c.us,ers, nano-panic.es font, in fl ien , tha , « 
men deposned on,o ,he core panicles, in this case ,he core is micronized drug panicles The 
polymer ,arge, may be ro,a,ed during Ute ablation process ,o avoid degrada.ion effects and ,„ 
ensure uniform ablauon on,o ,he surface of ,he hos, surfaces. 
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The host panic.es «o be coated in tne process raay be mec 

: : y during d ~ By — - — - - ~ <Z 

deposmon, the coaung thickness, nano panide s.ze and adhesion can he varied 

5 coat T C ° a,inS me ' h0d Pr ° VideS raP ' d ' hem,al eVaPOrati ° n from ' h = »*« «*« iaser t „ 

- so .d omo panKles (Rtz 0eraid Through ^ me[ho ^ < 

— genera y le ss t han ,H h y m as, and coanng tim es are under one hour without th 
need for drying solvents. 

This variation of PLD uses hign-energv puises of uhraviole, ,i ght t0 deposit ^ 

= « onto pa.ic.es. Previous, .here has heen a significant enrphasi J 
. o, of h , e characKrisiks (shap£ _ ^ chemjsay 

a enuon has heen on designing ,he desirahie properties a, ,he panicuiare surface which 1 

r' ,ead to ~ - - — <— . , W8 , By deposCi: 

nano m e ln c sized organic or inorganic, muUi-Cetnenta, parUCes either in ZZ 
^connnuous) or conrinuous forn, onto the surface of .he core parses, m a,eria,s and pro! 

r,.^ - ~~ - - - oh,i„ed. ™. Process , taown as lh p e J 

2 ZT"°" "''"I S " rfaCe - PrOVMeS " taft - — — - hi 

uhs.an., , ly , mproved ph „ jcai properties when compared 

compnsed w,.hin liposonta,, na^ocapsule or nricroparucle fom.ula.ions of .he prior 1 

Through this coa.ing m e.hod .he coating ntateria. is general., less utan ,% by ma ss and 

: : rii ^ °r hour wi,houi the - eed for *** — • ™* — • ^ 
z I, , s t ir u :; applica,ions ran8,ng &om coatings ,o — - 

biode 'h » ' mP ° nam embt>dimeM - drUS Pa " iCleS M deliV ^ P«-'- coated „i,h 
h odegradab e or bio-conapatible po Iym er coatings with controhed .hickness and co„.ro„ d 
~»ng un.fonni.v are produced using th e Pu ,sed Laser Oepos.tiou ( P LD) apP ara t us Z 
-hods as described herein. The drug particle coating .hickness can be con.ro d d 0W H 
nancneter .hicknesses, and encapsularion can be partial or co ra p,e,e 

Hos, particles, which ma y range i„ size for example fron, several nanometers .o severai 
» -era ,„ diameter, are provided wi.h a relative,, uniform* dis P ersed discontinuous T 
— coa,i„ g of d,scre,e .ndividua, coa.ing particles sized from a.o m ic scaie , a few 
- meters The coaring .articles are crea.ed b y a PVO process, and preferab.v b y Z 
ab.at.on. where a pu.aed ,aser beam is auned a. a ,ar g e, co m posed of.be coaring m a.e ri a und 
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conditions sufflcien, ,o release individual panicles from ,he ,arge, ,„ a aenerallv oeroe -• , 

- PLD is especial, suned f er mu,,e,emema, de P !I TI ^ 
.ccmomelry „ f the ablaled specie, is mailed. This „ pan.cularly imponant w " 
o^,e coa.mg materials are emp,o y ed. The Slze of ^ cM , mg > J™ ~ 

zz::° ™7 species by — - — - - - - - m di: 

Hon. The chamber pressure can a,so he d y „amica, ly varied over tira e ,o conlrol J 
agglomeralion zones. During laser abla.inn ,h u 

a,,, , h ■ ' ' he h ° S " par,,cles ">•>' be "8i«ted or fluidized such 

tha, .here ,s contmua, revive movemen. bet wee„ a„ ,he hos, pari.Ce, The de gre e of col 
— by varymg ,he ,aser pammelers, e„er gy de„ sity and number of pu, e ^ I 
■ 0 w„hm the treatment chamber, and the treatment time P 

In a prefer emhodiment, there is provided a method of preparing coated drug panicles 
and pharmaceuncais with a uniform coating as described herein. Such a coating may " 
d.«hs,on and dissoiu.ion unfl, lhe coaling ^ „ ^ 8 ^ gh ^ 

coating for non-degradable coatines Th. „ f 8 he 

.5 panicle from hoi enviroZT ^ ^ ^ 

-..or, ^,„z:^:z:^:z^^::t 

1,15 may also improve aerodynamic and flow characteristics which can he 

20 s.gmflcan, ,„ determining the efficient of drug delivery mechanisms. 

2-2 Apparatus for Coating Particulates 

c h amheii~:: v ::: r y coa,ed host ~ *■ — • — 

ws dehvery of an energy source, such as a laser, to a target material n, 

I rZ ° f "~ " — - " * — * High densny fl ux in . j£ 
S matenal. By flu ld .zmg me panicles, general,, uniform coaling wfl, occur One 

. zzzirrz p t'; s corapn ~ tota,ron ° f - — ^ : - 

ralher Z ' ^ aPPara ' US P~g 

rather than hatch processing h y utilizing a feed hopper to deliver panicles to 

— . - te.en.ion ehamher allowing movant of ,e panicles ,„ J^ZZ 
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through the coating area Md into . removal condui , „ js preferab|e to 
heat the host particles during the coating steps. 

.n a preferred embodiment, the PVD technique known as iaser abiation is e mp ,oved in 
the fahncatton of the coated part.Ce, Laser ablatio „ „ f . ^ ^ ^ ; 
Pamelas of the target materia, ma, adhere to a suhstrate is a well-known technioue Laser 
ab attot, is prefetred since under op.imized conditions One re m ova, of species from thc ^get 
rakes place .„ a stoichiometric manner. When desirable, other PVD technics, such as thecal 
evaporahon or sputtering, may also be utilized to produce a flux of ablaied species for 
deposition onto a host surface. 
' A typical ,aser used in the practice of the presen| ^ . , ^ 

305. pulsed exenner gas laser with an operaring wavelength of 248 nanometers. Many other 
suitable lasers may be substituted therefor The laser h™, a 

ne laser beam Wl " Produce a particle flux 
generally perpendicular to the surface of the target. 

TTe iaser wavelength is selected based on the nature of the materia, to be ablated A 
htgh absorpuon coefficient and ,„w reflectivity is necessary ,„ remove the materia, efficiently 
by the ab,a,,o„ process. The absotption coefflcien. is dependent on the type of materia, and th 
laser wavelength and in some cases the intensity of the iaser beam. Typica„y as the surface 
temperature ,s mcreased, the absotption coefflcien, of the materia, increases. Thus the se.ecion 
of laser wavelenght is dependent on the type of materials ablated 

Additionally „ is we,, known for those skilled in the „ ,ha. the „ave,eg„,hs in the b,ue 
and ultravotie, regton of the spectrum, the absotpt.on coefflcien, increases and the reflecivi.y 
decreases. Thus although arty wavelength cou.d be used, the use of wavelengths less than 350 
nm lead to more efficient removal of the material. 

Since the laser system and the PLD chamber are separate, the process offers great 
laflh.de for varymg experimental parameters. With the proper laser choice this process can be 
used ,o create coatings of many different materials on particulates. The composition of the 
eoatmgs is strongly dependent on the laser processing parameters such as incident energy 
finance (,/cnv), laser repetition fluency, backfll, gas pressure, target to substrate distance and 
optical absorption coefficient of the target. 

In most cases the chamber win be separate from the laser. However if one uses compact 

Zb 7 laSCr ° Peratin§ fr ° m 10 ' 0S6 "* - * «■*■ ^ 

chamber. The spectflc conditions r e q uired for the deposition ofcoatmgs include (i, control of 
•he laser fluence; (ii, control of the laser spot stze; (hi) control of the gas; (iv, control over the 
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pulsation rate; and (v) number of pu,ses and wavelength of the light. Bv controlling each of 
these parameters, which are different for different materials, the microstore, topology 
architecture, thickness and adhesion of the coatings on the drug particles can be varied. 

2.3 Coated Drug Particle Compositions 

The coating techniques described herein and the pharmaceutical compositions derived 
therefrom are applicable to a wide variety of drugs delivered to the lungs, such as anti-asthmattc 
dntgs, biologically active peptides and proteins, and gene therapy related drug entities, as well 
as orally administered and parenteral administered drug particles as well. 

In one embodiment, an oral drug is formulated with a thin-film coating of the present 
mventton. Exemplary pharmaceuticals that wou,d benefit from such a coating include drugs 
used m controlled or targeted release formulation, taste-masking, or particuiate surface 
modification prior to tableling or capsule filling. 

In another embodiment, a pulmonary drug is formulated with a thin-fllm coating of me 
present mvention. Exemplary pulmonary drugs that could be used include glucocorticoids and 
other localized asthma drugs, as well as drugs and bioactive peptides and proteins for systemic 
delivery, such as insulin, that have !ow absorption through the oral route. In prefetred 
embodiments, the glucocorticoids budesonide and tramcinolone acetonide (TA), as well as the 
an.tbio.ic rifampicin have been shown ,o be particularly amenable to the processes of the 
present invention When coated, these three drugs demonstrated excellent characterises for 
improved inhalation delivery. The present methods provided a high encapsulation efficiency 
reduced damage to the drug particle during coating, and did no, produce coatings of a thickness 
that would reduce respiratory fraction. 

Topical drugs ,ha, could be used include localized antibiotics, antifungals, and anti- 
inflammatories. Parenteral drugs ma, could be used include many curren.ly used suspensions 
and preparations for sustained or localized release. 

In illustrative embodiments, the coating material may be deposi.ed o„,o the surface of 
the drug particle by a pulsed laser ablation process wherein me individual coa,ing particles 
deposaed on,o ,he drug particles range in size from abou, I or 2 nm in average diameter up ,o 
and including abou, 40 or 50 nm or so in diameter. More preferably the particles fha, comprise 

a™, may be range in sjze from abow 3 or 4 m diameter ^ ^ Md ^ ^ 

to nm or so in diameler. In other embodiments ,he particles thai comprise ,he coating mav 
be range in size from abou, 5 or 6 nm or so in diame.er up ,o and including abou, 10 to 15 nm 
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or so in diameter, .ndeed the inventors contemp.ate that pamc.e sizes such as abou, , , abou, 2 
abou, 3. a out 4, abou, 5. abou, 6. abou, 7. abou, 8, abou, 9. abou, ,0. abou, , ,, about ,2. abou,' 

methods, and may be used to coa, dmg partic.es in .ayers ranging from about 5 „ 
> nm or so in thickness. Such layers may no, be necessarily continuous in thickness over the 
enure surface of the drug partic.es, bu, may provide an average coating thicks that faUs 
* UkeWiSe - * e '~ «— ^ tha, particle sizes such as abou, ,7 

a „UU8 abou. ,9, abou, 20, abou, 21 , abou, 22, abou, 23, abou, 24, abou, 25, abou. 26, abou.' 
27, abou. 28, abou, 29, about 30, abou. 3!, or abou, 32 ntn in dialer may a,so be prepared 
usmg the presen, methods, and such coa.ing par.ic.es may a ,so be used ,o coa. drug panicles in 
layers rangmg from about 5 „ abou , , m ^ ^ ^ ^ ^ ^ 

necessan.y continuous in thickness over the enure surface of .he dmg par.ic.es, bu, may provide 
^average coming thickness .ha, fa.,s wimin such ranges. ,n simdar fashion, by modifying me 

^ ° f C ° ating " * ta *-* » P-ide coatings J„- 
compnsed ofparric.es of sHghdy .arger average diameter partic.e sizes. As such, me invent 
afso co„,emp,a,e ma, panic.e sizes such as abon, 33, abou, 34, abou, 35, abou, 36, abou, 37 
a ou 38 a ou, 39, abou, 40, abou, 4,, abou, 42, abou, 43, abou. 44, abou, 45, abou, 4o, abom 
, a ou, 48, abou, 49, abou, 50, abou, 5 , or even abou, 52 or so nm in diameter may a,so be 
usefir, tn coatmg panicu.a, drug panic.es for use in me phamtaceutica, arts. As described 
above such iayers do no, necessari.y have to be con.inuous in thickness over the entire surface 

IT » 7 in faCt ' in CMain emb ° din,emS ' " ™> ta ™ -» P-de 

s bs,an„a„y d.scontinuous deposition of the coating partic.es onto ,h= surfaces of the dmg 

partic.es to achieve coated dnrg panides rha, have par.icu.ar pharmaceu,ica„y-desirab, 

propert.es. ,„ some cases, i, may even be high.y desirab.e to provide coatings tha. are a.mos, 

en.,re,y d,sco„ti„ous in thickness over ,he surfaces of the drug paric.es. Likewise, in certain 

app. cations. „ may a,so be desirab.c ,o coa, ,he drug panic.es with mixtures of two or more 

coating materia.*. Such coating matures may be prepared so ma, each member of ,he p,ura, ity 

of coatmg materia.* may be simu.taneous.y ab.a.ed and app.ied to the surfaces of me dr^ 

partic.es, or more conveniently, it may be desirab.e to ahemate or sequentially apply two o 

more coating materia, onto ,he surface of me dntg parties ,o be coated. The ability of Ore 

memo to prepare p.uraltties of layers of coating materia.s is particu,ar,y desirab.e when time- 

contro,. or susta.ned-re.ease formu.ations are being prepay. Such combinations of coatin. 
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materials may afford particular pharmaceutical* desirable properties to the resu,tin e coated 
drug particles. 

The choice of hos, particle size, ,he choice of coating material^, the size of ,he coa.ing 
ma,er,a, panic.es. and ,he overall .h.ckness and cominuous/discontinous nature of ,he coating 
layers, wiH, of course vary from panicuiar application to appHcaUon, and the skilled anisan 
wtll he able to adjust such paratneters to prepare coated drug pan.cles having parti cu,ar desired 
Phystcal or pharmaceutical properties. The choice of these parameters wiU often depend upon 
he particu,. compound to be coated, and/or the panicuiar coating to he apphed to the host 
pan.de. L,kew,se, rhe preparation of the hos, panic.e may be varied depending upon ,he 
part,cu,ar thickness of coating ,o he appUed during me laser ablation process. ,„ som e 
crcumstances, i, may be necessary ,o dessicatc, grind, p„,verize, or otherwise reduce the 
pariteular hos, panicles ,o a cenain uniform panicle size or consis.ency prior ,o, or foHowing 
,he dep osili o„ of ,h= coating ma,eria,(s, on,o ,he surfaces of ,he hos, drug panicles. ,„ efther 
embodrmen,, ,he mining of the coated or uncoa,ed drug panicles may he readUy achieved using 
methods we„ known ,o .hose of skil, in ,be phamracemica, an, For example, mechanical 
sheanng or mining may he used ,o reduce ,he panic.es ,o a panicuiar average panicle size 
Ldrew.se, methods such as sieving may he employed ,o improve ,he uniformity of panicie 
particle sizes in a given sample. 

When desirable, no mining or sizing may be required, and in fact, the drugs .„ be coated 
may be subjected to ,he ,aser abia.ion processes described herein in their natural or 
commercial*- avadab.e state. Moreover, in some si.ua.ions, i, may no, even be access^ to 
assure a particular coating panicle size or a coating thickness, or even ,o prepay subs^ually 
continuous layers of coating ma.eria, onto the surface of the drug panicle, so ,ong as the 
resultmg coated material retains all or most of its desired characteristics 

As described above, the layer(s, of coating material^) ,o be deposited onto the surface 
the drug panicle may range in average .hickness from abou, 5 nm ,o abou, ,000 or so 
nanometers. ,„ cenain embodiment, the coating panicles win form one or more layers onto the 
surface of .he drug panicles, each ,ayer having a .hickness of abou, 6, abou, 7, abou, 8, about 9 
a ou, ,0, abou, I ,. abou, 12, about ,3, abou, 14, abou, ,5, abou, ,6. abou, ,7, about , 8 , about' 
19. about 20, about 21, abou, 22, about 23, abou, 24, abou, 25, abou, 26, abou, 27, abou, 2S 
abou, 29, or abou, 30 or so nn, ,„ „ Iher emhodimen,, sligh.lv thicker coating ,ayers wi„ be 
destred and in those i„s,ances. layers having an average .hickness of abou. 31, abou. 32, abou. 
«. abou, 34, abou. 35; abou, 36. abou, 37, abou, 38, abou, 39, abou, 40. abou, 41, abou, 42 
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about 43, about 44. about 45. about 46. about 47, about 48, about 49. about 50. about 51 about 
52, about 53, about 54. about 55, about 56. about 57. about 58. about 59, or about 60 or so nm 
may be useful in coating particular drug particles for use in the pharmaceutical arts Likewise 
when slightly thicker coating layers are required, layers having an average thickness of abom 
5 65, about 70, about 75, about 80, about 85, about 90, about 95. about 100. about 120, about 140 
about 160, about 180, about 200. about 225, about 250, about 275, about 300. about 400 aboui 
450, about 500, about 550, about 600, about 650, about 700, about 750, about 800, about 850 
about 900, about 950, about 1000, or even about 1025 or 1050 or so nm may be useful in 
coating particular drug particles for use in achieving coated drug particles having certain 
10 pharmaceutically desirable properties. 

As described herein, the sizes of the host drug particles to be coated may range in 
average diameter from about 0.1 nm to about 500 or so nanometers. In certain embodiments 
the host drug particles will typically have an average size of about 0.2, about 0.3, about 0 4 
about 0.5, about 0.6, about 0.7, about 0.8, about 0.9, about 1 , about 2, about 3, about 4 about 5 
15 about 6, about 7, about 8, about 9, about 10, about 1 1, about 12, about 13, about 14, about 1 5 ' 
about 16, about 17, about 18, about 19, or about 20 or so nm in average particle diameter For 
some drugs, the average particle diameter size may be slightly larger. As such, the method may 
also be employed to coat these particles as well. In these instances, the drug particles may have 
an average particle size of about 21, about 22, about 23, about 24, about 25, about 26, about 27 
20 about 28, about 29, about 30, about 40, about 50, about 60, about 70, about 80, about 90 about 
100, about 120, about 140. about 160, about 180, about 200. about 220, about 240, about 260 
about 280, about 300, about 350, about 400, about 450, or even about 500 or so nm in diameter' 
In all cases, the inventors contemplated all intermediate sizes in each of the stated size ranges 
may be prepared using the disclosed methods, and consider such intermediate sizes to fall 
25 within the scope of the present invention. 

The coated drug particles of the present invention may range in size from about 0 1 um 
average diameter, up to and including those coated particles that are about 1000 um or so in 
average particle size diameter. As described herein, the sizes of the coated drug particles may 
range in average diameter sizes of from about 0.2 um to about 800 or so um. In certain 
30 embodiments, the final coated drug particles obtained following pulsed laser ablation of the 
coating material onto its surfaces will typically have an average particle diameter size of about 

0. 1. about 0.2, about 0.3. about 0.4, about 0.5, about 0.6, about 0.7. about 0.8, about 0.9. about 

1, about 2. about 3, about 4. about 5, about 6, about 7, about 8. about 9, about 10. about 1 1 
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about 12. abou, 13, abou, M.about ,5.abou, .a.abou, ,7.abou, .S.about 

may have avera g e size of about 21 . abou, 2 2. abou, 2 3. aboa, 24, aboa, 2 5, abou, 26, abou, 
27, about 28 abou t ». a bout 30. a b ou, 40, abou, 50. abou, 6 0. aboa, 70. abou, SO, ab u. 90 
b a ou, OO.abou. ,20,abou, 140, a b out 160, about 1 80, about 2 00, about 2 2 0, a b out 2 40 abo! 

about 50, a b ou, 700. a b ou, 750. a b ou, S0O, abou, 85 0, a b o„, 900, abou. 950, a b ou, ,000 ll 
even about ,050 or so pm ,„ avera g e diameter. ,„ a„ oases, the inventors conttmplate 
,n e , te Mch of , he s(aKd ^ ranges ^ ^ m ( P 

methods, and cons.der such intermediate sizes to fa„ within the scope of the 

2.4 Pharmaceutical Formulations Compr.s.nc Coated Druc Part,cles 

panicle^ >nVmt ' m ^ " f0nnUlali0n ° f °"= » — ° f ** — *, 

part.cle compos.t.ons disclosed herein 1„ pharmaceutical* acceptab.e solutions for 

administration to a cell or an animal either alone , u- 

, . . ' " her a,one - or ,n combination with one or more other 

drugs for the treatment of particular diseases or medical conditions 

co „■ T C T drag PaniC ' e COmP ° Sili0nS "-in may be administered in 

combination with other aaents as w„n „„i. 

„ h . „ 8 WC "' $UCh ' Plains or polypeptides or various 

pha_ caHy-active a g e„, As ,o„ g as the composition comprise, a, ,east one of me coald 
dm g particle compositions disclosed herein, there is vinuaUy no limit ,o other components tha, 
may also he included, g iven ,ha, the additional a g en,s do no, cause a si g „i„ca„, adverse d 
up^n contact with the tar g e, cells or host tissues. The disclosed compositions may thus he 
^vere d alon g with various other a g e„ts as retired in the particular instance. Such secondary 

I h r T ^ Phan " aCeU " Cal f0m,U,a,, ° nS ^ * ""^ <™ host celZ 

«to f b,olo g ,ca, sources, or alternately may he chemically synthesized as described herein 

•H* formlattons may compose substituted or denvatized RNA, DNa! or PNA compositions' 
hey may a^o be modi^ed pep.ide or nucleic acid substituent derivatives, or other oated or 
non-coated drugs. 

The formulation of pharmaceu.icaHy-acceptable excipients and carrier solutions are 
w*w™ ,o those of s ki „ in the art. as is the developmen, of suhable dosi„ g and treatnl 

zz t:r:r:r zzr. hercin in a ° f — 

' parenteral " intravenous, intranasal, and intramuscular 
admmistrat I on and formulation. muscular 
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2.4.1 Oral Delivery 

The phanrtaceu.ica, composibons disclosed herein ma y be delivered Wa ora, 
a mm,s,ra,,on,o an anima,. and as such , ^ 

I en, or w,,h an assimiUhle edihle earr,e, or tne.v may he enclosed in hard . or ^ 
gela.m capsule, or me y ma y he compressed into ta h,e,s. or ,he y ma y he incorporated dire 
with the food of the diet. airectly 

The coated drug particle-containing compounds ma y even he incorporared wirh 
exc.p.ents and used in ,he &Im of lngesIible ^ ^ J J* 

> suspensrons, s yrUp s, wafers, and ,he like (Mathiowi.z a, , 997; „ wang „ a , ' 
— 5, 6 4,,5,5 ; U. S. Paren, 5 , 580 , 579 aad U. S. Pa,e„, 5, 792>45 , each ' ^, y 

nra y also coniam ,he following . blnder , as gum J£ 

zri: such : dica,cium phospha,e; a dui — 8 - - - -h,ti' 

-h, a , acld Md , he „ ke; a Iubrjcant such ^ magnesto P 
agent, such as sue ro se, ,ac,ose or saccharin ma y ha added or a flavoring agen. such as 

contarn, m addi.ion ,o marerials of ,hc ahove typ e, a ,i q uid carrier. Various other materials 

■nsrauce, table,, pi„s, or capsu.es ma y he coated with shellac, sugar or horh. A sip or 
nra y co„,a,„ me active compounds sucrose as a sweeping agen, me,h y , and prop^p^ I 
preserves, a d.ve and flavoring, such as cherr. or oraage flavor. Of course, aa y m ,eria u e 

prepanng a„ y dosage urn, form shou.d he pharmaceu,iea„ y pure and subs,a„„ a „ y „ 0 „, 
■n una _ eraployed . ,„ ^ ^ « 

sus,a,„ed.releaaeprepaxa,ionandformula,ions. "corpora.ed m,o 

T yP ica„ y , rhese formulations ma y contain a, Icasr ahou, 0. IK of me active compound or 
nrota, although the percentage of the active ingredient,) ma , of course, he varied 1 ma 
c nvemen y he between ahou, I or » artd ahou, 60S or 70% or more of the weigh, ar vim 
of ,he ,o,a, formulauon. Natural,, the M , of active compound,, in each Lj£ 
useful composmon ma y he prepared is such a wa y ,ha, a suitahle dosage win he obtained i„ ' 
en urn, .oseof.be compound. Factors such as so,ubi, ity , bioavailabiIity , bioIogical hal ^ 
tou,e of admm,s,ra,io„. produc, shelf life, as we,, as o.her pharmacological considerations wfll' 
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be conned bv one sxilled fa lh e an of preparing such pharmaceuIica , 
such, a vanety of dosages and treatment regimens may be desirable. 

For oral administration the composittons of the present invention may alternatively be 
tncorporated with one or more excipients ,„ the form of a mouthwash, dentifrice, bueea, table, 
oral spray, or sublingual formulation. For example, a mouthwash may be prepaid 
mcorporaung the active Ingredien, in the reoutred amount in an appropna.e solvent, such as a 
sodtum bona* solution (Oobelfs «„„,. Altemalively> the active 
meorporated tnto an oral solution such as those containing sodium borare, glycerin and 
po^stum btcarbonare, or dispersed in a dentifrice, including: gels, pastes, powders and sl^ries 
or dded m a therapeutically effective amount ,o a paste dentifrice rha, may include water 
bmders.abraa.ves, flavoring agents, foxing agents, and humectants, or alternatively fashioned 
■n o a tame, or solution form that may be placed under the tongue or otherwise dialed in 



15 2.4.2 Injectable Delivery 

pa r e n ,e A , l r raa,iVe ' y ' Ph ™ tiCa ' ~ herein may be administered 

P~, y, ..ravenously, intramuscularly , or _ imraperitorKa , |y ^ 

Patent 5,543 U. S. Patent 5,64,,5,5 and U. S. Paten, 5,3,9,363 (each ^ y 
ncorporated e,ein by reference in *. e„,ire, y) . So,,,o, of me acive compounds as free-bl 
.0 or pharmacolog-cally accep,ab,e sa„s may be prep ared in wa.er suitably mixed withT 
surfactant, such as hydroxypropylcellulose. Disperstons may also be prepared in elycero 
>,u.d polygene g ,ycols, and mixtures thereof and in oils. Under ordintuy cond i nH 
storage and use, these prions contain a preservative to prevent the growth 
microorganisms. 1 

5 TV phannaceutica, forms suitable for injectable use include sterile a q ueous solutions or 

dispersions and sterile Dowders fx, ,k. . 

nie powders for the extemporaneous preparation of sterile injectable 

oluttons or dtspers.ons (U. S. Paten, 5,466,468, specifically incorporated herein by refe ence in 
~e,y, ,n a„ caaes the form must be s.eri,e and must be flutd to the extent ,a, ej 

ynngabthty ex„, must be stable under the condinons of manufacture and storage and mus 
be preserved agains, ,he contamtnating action of microorganisms, such as bacteria and fungi 
The carter can be a solvent or dispersion medium containing, for example, water, ethano, 
POlyo, g ,ycerol. propylene glycol, and ,i q uid polyethylene glycol, and the lixe), sui,ab,e' 
mtxtures .hereof, andtor vegetable „,,, Proper flu.di.y may be ma.ntained. for example by, 
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use of a co atl „g sucn as lecithin. by the ma , ntenance of the required 

b ugh. ab , by varfous antibacienal ^ for e *am P ,e, parabens 

rooutano,. ~>* acid. .M^osa,. and fine , ik , ,„ many ^ bc ^ 

o e agenl , for examp|e , sugajs ^ sodmm cWonde pm|onged ^ 

« com_ cen bc brought about by the use fa , he 
absorption, for exampie, nluminum monos.eara.e and gelatin 

su il a bly F bu rT e f ral adminiS ' rati0 " ta " aqUe ° US S0 ' U,i0n ' ** — "~" - 

glucose Tltese pa n,cu la r aqU eous solu[ions „ esp£cj sujtab 

m,r_,ar. subcutarteous . Intrnperitonea, admuns^on. ,„ ftis connection ^ 
aqueous med, a that can be employ£d ^ fc ^ ^ ^ rf - 

present d.sclosure. F or esamp.e, one dosage ma y b e dissolved in , m , ofisotonic 

and e.,ber added to ,000 ml of by p 0d ennoo, y s is fluid or injected at , he propo J°^Z 

2'°\ Z7 " Remin8 ' OT ' S — pages : 3 

.038 a „d 570-.580). Some v^on in dosage will ^ J * * 

:rr t beins ,rea,ed - ^ — — - — - - -i - 

even,, determme the ap p ro pri ate dose for ^ X 

strr 0 "' PrePara,i ° nS Sh ° U ' d ^ ~ - — - ^ an. pZ 
standards as required by FDA Office of Biologies standards 

Sterile injectable solutions .re pre par ed by in corpor ati „g ,He acti ve compounds in the 
enured .mount In th c appropriate solvem wjt „ rf ^ ^ * 

*ove, as fofiowed by fi, tered steri.izafion. Genera,,,, dtspersions are prepared 

ncorporann, the varlouJ ^ aciive ^ ^ ^ P 

- dtspers.on medium and me required ofiter ingred.ents front tnose enumerated noove 
e of s,e„,e powders for fine preparalion of sterile injectable solutions, fine prefcrre 
mernods of pre pa rafion .e vncuum^ing nnd ^ lechmques ^ ^ ^ 

sirirr ent pius any ^ — — - ■ — 

^ Pharmac ^.cally-acceptable salts, include the acid 
dd - sa„s (formed with lhe free grQups of ^ proKin) ^ • a 

■norgantc ae,d s sue. a, f or examp ,e. HvdrocH,or,c or P Hos P Horic a cids. or suc h or ga „,c acid s « 
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acetic, oxalic, tanaric. m a„de,ic. and the like. Salts fomted wi,h the free carboxvl aroups can 
a.so be danved from inorganic bases such as, for example, sodium, potassium ammon.um 
calctunt, or ferric hydroxides, and such organic bases as isopropylamine. trimethylamtne' 
htsttd.ne, procaine and ,he like. Upon fonnulation. solutions win be administered in a manner 
compatible with the dosage formulation artd in such amount as is therapeutically effective The 
formulattons are easily administered in a vanery of dosage forms such as injectable solutions 
drug release capsules and the like. 

As used herein, "carrier- includes any and all solvents, disperse media, vehicles 
coatmgs, dHuents, anubacteria, and antifimga, agents, isotonic and absorption delaying agents' 
buffers, earner solutions, suspensions, colloids, and the like. The use of such media and age„«s 
for phannaceutical active substances is well known i„ the an. Except mso&I „ 
conventional media or agen, is incompatible with the active ingredient, its use ,„ ,he therapeutic 
eomposmons is co„,emp,a,ed. Supplement acttve ingredients can also be incorporated into 
the compositions. 

The phrase "pharmaceutically-acceptable" refers ,o molecular entities and compositions 
fta, do no, produce an allergic or similar untoward reaction when administered to a human TTre 
preparatton of an aqueous composition tha, contains a protein as an active ingredient is well 
understood in the an. Typ ica „y, such compositions „ prepared ^ ^ ^ 

soluttons or suspensions; solid forms suitable for solution in, or suspension in, H q „ id prior t0 
tnjectton can also be prepared. The preparation can also be emulsified. 

2.43 Nasal Delivery 

The administration of the phannaceutical compost.ions by intranasal sprays, inhaiation 
and/or other aerosol delivery vehicles is also contemplated. Methods for delivering genes' 
nude* acids, and pept.de compositions directly to the lungs W„ nasa, aerosol sprays has been 
desenbed , g .. in „. S . Patent 5,756,353 and U. S. Patent 5,804,212 (each specifically 
mcorporated herein by reference in its entirety), and delivery of drugs ustng intranasal 
mtcropantcle resins (Takenaga e, aL, ,998) and lysophosphatidyl-glycerol compounds (U S 
Paten. 0,725,871, specifically incorporated herein by reference in its entiretv) are also well 
known ,n the phannaceutical an, Likewise, transmural dntg delivery in the fonn of a 
polytetrafiuoroetheylene suppon matrix is described in U. S. Patent 5,780,045 (specificallv 
incorporated herein by reference in its entirety). 
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2.4.4 Additional Modes of Drug Delivery 

In addition to >he methods of dell™, described above, the fo || owmg techniques „ a|sQ 

-"'-P'^-ahen.a.iverne.hodsofdeUverinscoa.eddrugpanicieco.posidons.Sonophoresis 
-...ultrasound) has been used and descrtbed .U.S. Patent 5,656,0, 6 (specified incorporated 
here,„ by reference in its entirety, as a device for enhancing ,he rate and efficacy of drug 
pennearion into and through the circulatory system. Other drug delivery ahemaiives contemplated 
are tnrraosseous injection (U. S. Patent 5,779,708), microchip devtces (U. S. Patent 5,797 898) 

^n>-"Uons(Bour 1 aise,.,. > 1 998),.™der nM , m a rt ces(U. S .Pa tt „,5,770,2I9andu' 
S. Patent 5,783,208) and feedback-co„m,„ed dehvery (U. S. Patent 5,697,899), each specifically 
incorporated herein by reference in its entirety. 

The delivery of aerosol formations of the drugs of the present invention may be 
accomphshed using methods such as those described in United States Patent 5,849,265 and 
Unfed States Paten.: 5.922,306 (each specifically incorporated herein by reference in its 
1 -> entirety). 

Particularly preferred medicaments for administration using aerosol formulations in 
accordance with the invention include an,i-a„erg,cs, bronchodilators, and an,i-i„flamma,ory 
sterotds used in the treatment of respiratory disorders such as asthma and the like 

Medicaments which may be coated and administered in aerosol formulations according 
tothe present invention include any drug useful in inhalation therapy which may be presented in 
a form which is substantially completely insoluble in the selected propellent. Appropriate 
med,came„,s may thus be selected from, for example, analgesics (codeine, dihydromorphine 
ergotamine, fentanyl, morphine and the like); anginal preparations; antia.lergics (cromoglycate' 
ke,o„fe„, nedocromi, and the like); ami-infectives (cephalosporins, peniciUins, rifampin 
•5 streptomycin, sulfonamides, macrolides. pentamidines, tetracyclines and the like)- 
antdnstamines (methapyrilene and the .ike); anri-inflammatories (flnnisolide, budesonide' 
npredane, triamcinolone acetonide, and the like); antitussives (noscapine and the like)- 
bronchoddators (ephedrine, adrenaline, fenoterol, fomioterol, isoprenaline, metaprotereno,' 
Phenylephrine, phenylpropano.amine, pirbuterol, reproterol, rirniterol, terbutaline, tsoetharine' 
tulobuterol, orciprenaline, and the like); diuretics (amiloride and the like); anticholinergics 
Opratropmm. atropine, oxitropium aod the like); hormones (corrisone, hvdrocortisone 
ptedmsolone and the like); xanthines (including aminophylline, choline rheophyllinate ,y sine 
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theophylline, and theophylline); and therapeutic process and peptides (,,.. insulin or 
glucagons). 

One of ordinal ski! in ,he an win apprecia.e that in certain circumstanceS| ^ 
drugs particles of ,he presen, invenrion may be formulated ,„ ,he form of sa„s (such as alkali 
metal or amme sahs or as acid addi.ion sa„s) or as es.ers (e.g.. ,ower alkyl esters, or as solva.es 
(**. hydrates, to optimize the activity and/or stability of the medicament and/or to minimize 
the solubility of the medicament in the delivery vehicle or propellam. 

I. wiU be appreciated by those skilled in the an that the aerosol formulations according 
to the mvention may, if desired, conlain a combination of ,„o or more active ingredients 
Aerosol compositions containing two active ingredients (in a conventional propellan, system) 
« -own, for example, for the treatment of respiratory disorders such as asthma. According 
the present invenrion firnher provides aerosol formulations that contain two or more peculate 
medtcaments that are coated using the methods of .he presen, invemion. The medicamems may 
he selected from su it able combinauons of .he drugs mentioned herem, such as budeson.de 
(BUD), .namcmolone acconide (TA), fluticasone propionate (FP), and me like, or may even 
mclude sui,ble combinations of o.her bronchodila,ory agents (including ephedrine and 
theophyllme, feno.erol, ipratropium, isoetharine, phenylephrine, and the like) 

Preferred aerosol formations in accordance with .he invention comprise an effective 
amoun. „, . poIymcr . coated pmi ^ K ^ ^ 

hydrogen-con.aining chlorofluorocarbon prope.lam. The final aerosol formulaflon may 
■yptcal y contain from abou, 0.005% ,o about ,0% ( w,/w,) of .he coated drug panicles, more 
preferably from about 0.05% to abou, 5% («. /wl , of the coaled drug ^ 
pre erab,y s.,11, from abou. 0, % ,„ abou. 3.0% (w./w..), of the coa.ed panicles relative ,o .he 
total weight of the formulation. 

The propeliants for use in ,he invention may be any fluorocarbon or hydrogen- 
comammg chlorofluorocarbon or mixtures .hereof as described in U. S. Pa.en. 5,922,306. 

2.5 Coating Compositions 

The .arge, ma.erials used for the coa.ing include mos, sol.ds curren.lv used in & 
pharmaceuucal and food indus.ries, namely any material ,hat can be effectively ab,a.ed by .he 
energy source. These ma.erials include, bu, are no. limited to, biodegradable and biocompatible 
polymers, polysaccharides, and proteins. Sui.ab,e biodegradable polymers include PLA PGA 
FXGA, and other polyiactic acid polymers and copolymers, polyonhoes.ers, and 
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polycaprolactones. Suitable biocompatib.e polymers .nc.ude P o.yethv,ene a ,ycols 

PC Wlpynolidone. and polyvinylalcohols, ere Suitable polysaccharides inCude dextrans' 
ce lulose, xanthan, chitins and chitosan, etc . Su.table proteins .nc.ude polyenes and other 
polyamtnes, collagen, albumin, etc. 

5 

2.6 Substrates for pld Coating 

The hose or core particies arc generally large relative to >he size of the coating prides 

w,h the method proven ,o be very applicable ,o hos, panicles sized from 0.5 .o 100 microns „' 

n understood that the hos, particles can be smaller, down to several nanometers in diameter' or 

arser up to several millimeters in diameter, than mis range if so desired. The hos. particles 'are 

retatned v^htn a processing container that has a ,arge enough volume ,o permit movemen, of 
e pa^ 1 W1[hln conlamer ^ Qf comamer ^ ^ ^ ^ 

a verttca, posmon during nuidizatton. or a portion of the processing container, such as a pa„ 
or a,, of a s.de or bottom, is provided with openings or apertures to retain the host particlcs 
wtthm the processing container, if the partide deposition is ,o occur laterally or from below 

A suttable constrttction for the processing container has been found to be a cylindrical 
glass vtal with one open end, the open end being covered, if necessa^, by a wire mesh or screen 
wtth apertures slightly smaller than the size of the host pariic.es. The processing container is 
mounted withtn the treatment chamber with the open end facing the target a, a distance of from 
approximately 3 to ,0 centimeters such that the majority of parilcles in the petpendicular flux 
from the target wi„ enter the processing container aod contact the host particles. The system 
may also be constructed with continuous or increment transport means for the hos, particles 
such as a conveyor sys,em, whereby the hos, particles can be moved relative to the ablation flux' 
durtng the coating process so that coating may occur in a continuous manner 

surf T "Tt. PaniCieS mUS ' ^ a8 " a,ed " " UidiZed " "™ ' IO «P~ *e entire 

surface of each hos, partide ,o the coating particles entering me processing container to insure 

general untformtty of coating and to assist ,„ the prevention of agg.omeration of individual hos, 

pathcle, This fluidization may be accomplished in a number of e q uiva,e„t manners, such as by 

mechan.ca, agitation by vibration, rotation or movemen, of the processing container by 
prov, d. a s, irtng devi „ within , he coMamer ^ ^ pneumauc agj(atjon ^ ^ ■ 

through the hos, part.cles. Another means to accomplish the reouired fluidization is to intermix 
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magnet.c fteld t o ,he process.ng container during Ihc deposilion of the 
magnetic panicles are separated fro ra the host particles after the treatment process 

^ percentage of deposition or coverage of the coating panicles on the host panicles is 
controlled by controlling the size of the coating panicles and ,he treatment time. The longer the 
•teatmen. tim e, the more coating panicles wiU be adhered ,o ,he surface of the host panicles 
increasing both the percentage of coverage and the thickness of the coa,i„ e lay er Surface' 
coverage can he adjusted from helow I percent up ,o ,00 percent. The size of the coating 
pantc as ,s controlled h y the atmospheric composite and pania, pressure within the treatmen 
ctan*. By dynamically controlling the gas pressure the reaction zone for forming the coating 
P^rcles can he control. Reactive gases such as oxygen, ammonia or nitrous oxide produc 
■gher concentrations of molecular, as opposed to atomic, species within the ablated partk|c 
^ and are used if deposttion of oxide, nitride or simUar panicles is desired. Pressure with, 
me chamber de.erm.nes the number of collisions between ablated coating panicles, with hjgher 
pressure causing more colons and themfore larger coating panicles in the ablated fluT 
Preasure w„h,n the system may vtuy grea,,y, from ,0- to ,0 Ton for examp,e, but production 
to ,0 nanometer or smaller coating panicles typically occurs a, approximately 400 mTon 

I T T,' he Pr0dUC,i ° n ° f a, ° miC COa,i " 8 «>< «— « -P'oyad is 

typically at or below approximately 300 mTon. 

The paniculate species coated using this method include many substrates, including 
rugs used for oral, pulmonary, topical, and parenteral administration. The substrates suitab, 
for coating may be drug panicles of various sizes ranging f rom < , p m to > ! mm. 

3.0 Brief Description of the Dra wings 

The drawings f orm pan of the presen , ^ ^ 

-5 demonstrate cenam aspects of the presen, invention. The invention may be 

by reference to one or more of these drawings in combina.ion with the detailed description of 
specific embodiments presented herein. 

FIG. 1A is a general illustration of the apparatus components. 
>0 FIG. IB is a schematic representation of the PLD processing equipment used in coatine the 
drug particles. 

FIG. 2 is an illustration showing the adjustability of the target. 
FIG. 3 is an illustration of a batch-processing set-up. 
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FIG. 4 is an illustration of a continuous processing set-up. 

FIG. 5A and FIG. 5B show alternate heat sources for heating the host particles. 
FIG. 6 shows the dissolution of coated vs. uncoated budesonide (BUD) in P H 7.4 PBS (50 mM 
0.5 % SDS) at 37 C (n=3). Coating times were ,0 min . and 25 min . vs. uncoated 
budesonide powder A. 

FIG. 7 shows the dissolution of coated vs. uncoated TA in P H 7.4 PBS (50 mM , 0.5 o/ oSD S) at 

37 C (n-3). Coatings were at 2 hertz A and 5 hertz . vs. uncoated TA powder ■ 
FIG. 8 shows the dissolution of coated vs. uncoated Rifampin (RIF) in P H 7.4 PBS (50 mM 
0.5 o/oSDS) at 37 C („=3). Coating was for 20 min vs. uncoated RIF powder . 

4.0 DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

4.1 Some Advantages of the Invention 

Modification of (1) the aggregation characteristics; (2) the aerodynamic flow properties 
dunng deposition; and, (3) the release-rate of the drug in the lungs are possible by applying 
biodegradable coatings using the methods of the present invention to great.y enhance the 
deposmon efficiency and pharmacokinetic profiles of drugs coated by the present methods 

Drugs coated by the processes outlined herein have been shown to possess high 
encapsulation efficiencies ( >99% drug) while requiring minimal processing. The process also 
has several advantages over current techniques including: 

I- It is a fast process with modification times (i.e. how long it takes to coat a powder 
from beginning to end) on the order of minutes. 

In the laser process, by choosing a correct energy density, the material can be made to 
ablate m a more cluster-like form that retains some of the signature of the target species When 
the energy density (fluence) is increased, the ablation has more of an atomic character and is 
composed of atoms that do not resemble the signature of the original material. 

2. A variety of materials can be used for producing the coatings on the particulate 
materials, thus it is possible to produce films from materials with proven biocompatibility. 

3- It is a dry, solvent-less technique that can be conducted under a sterile environment 
which is an important consideration in the drug industry. 

4. Particle agglomeration/adhesion can be minimized by applying coatings that affect 
the bonding nature and electrostatic charge on the surface. 

5. Formation of microcapsules by depositing coatings onto the particle surface will 
make it possible to control drug release kinetics by: (a) diffuse of the drug through the 
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polymer; (b) degradation of .he biodegradable polymer coating off of the drug particles 
releasing the core drug material. 

••.2 Particle Coating Apparatus 
5 The apparatus disclosed herein offers stgnifican, improvements over .he devices of the 

pnor art by providing fluidiza.ion and coating of primary core particulate materia!, with targe. 
ma,ena,s of choice. Target ma.erials may include pollers, medical ma.eria 1 s, melals 
ceram.es, semiconducors and .issue. The apparatus opera.es in low vacuum (mTorr - Torr 
range) and operates in principle via delivery from an energy source (electron bean,, laser UV 
hgh. source or ion beam) to a urge, ma,eria, .ha. can exis. in the „ quid , solid or frozen aate 
The target raateriaI Ihen inKracK ^ ^ ^ ^ ^ • 

subsequent evapora.ton, ablation, removal of portion of the targe, surface .hen take place The 
geometry of .his exchange is controlled such .ha. .he removed target materia, is then di re c,ed 
onto an area of coating potential (AOCP). Within Ihis AOCP, a high-density flux (HDF) of ^ 
targe, materia, is present. FIG. ,A and FIG. IB show ,he main components of the system 
wh,h are labeled. By controlling .he input energy from the above stated sources and the 
afinosphere wi,hi„ which the process occurs, control over Ore HDF can be achieved by means of 
part.de - collision physics (PCP). Before .he three specific opera.ion modes referred .o above 

20 ZT^' " SamP ' e OPera "° n aPPara,US Wi " " e ~ d With -P«' » «G. I A and 
£v rlKj. IB. 

Heating mi or cooling of ^ ^ ^ ^ ^ 

heaters, RF sources, e,ec.ric wire mesh membranes, liquid nhrogen and cold fingers provides 
s,gmfica„, advat.ce.nen. over me powder properties as compared ,o particle coa,cd in unheated 
or room ,empera.ure conditions. Heating and cooling of .he core particles during deposi.ion 
-5 provides added co„,rol over ,he surface energy mechanisms of coa.ing growth and adhes.on a, 
higher and or lower ra.es by such mechanisms as delusion, desorp.ion, adsoiption, growth 
modes, activation energy and local .hemodynamic equilibrium. ,„ addition, significant classes 
of coram,, elecron.c and super-alloys and multi-componen. ma.erials such as superconductors 
and phosphor ma.eria.s can be synthesized in a ,-s.ep process, elim.na.ing a secondary hea. 
.reatmen, step. The added energy provided by the heating allows diffusion of complex 
ma.er.als during ,he process to reonen, in both crys,a„ographic and s.oichiome.ric orders that 
cannot be accomplished during room .empera.ure depositions. Organic ma,eria, S such as 
polymers also have increased po.ent.al during ,„.,,,„ heating of ,he core panicles due ,o .he 
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added energy for r eorien,a.,o„ Md cha , n ^ ^ ^ ^ ^ ^ 

only decrease s.eps in t he forming of coa,ed panicles bm ., a|s0 a „ ows ^ 
eve. ma,ena,s ,ha, can Ibm, due ,o .his non-e quilibnum condi.ion imposed oy the ^ Qf 
the core pan.cle substrate and the nano particle flux. 
5 The fac, .ha, ihe core panicles are fluidized continuously thxough the AOCP enables the 

tnventors to ,axe advantage of the inherent high surface area of pantculate materials. Due ,o the 
fact Una. ,he surface area varies from 1 cm' for a silicon wafer .o ,0M0< cm= for pa„i culatt 
m,ena,s allows for me con.ro. over coa.ing ,hi ck ness ,o range from atomic .o m.L Wc 
depenomg on me processing condi.ions as described. ,„ comparison ,o deposi.ion on.o flat 
su stra.es, a ten m,n deposi.ion may y.e.d a 2-micro„ ,hic k coa.ing on a 2 cm * 2cm silicon 
subs.a« whereas on I gm of pariiculale ma.eria, (,-,0 micron), the thickness has bee sho^T 

lr z ; of 25 ™ m - Fmhe ~' ° f ,he — ^ «-*« * ^e ,o 

«, part.de formarion and growth during ,he coa,i„g proC e ss te can also b MWM ^ 

laser energy, pressure, backfill gas molecular weigh, and lime. 

The laser enters a low vacuum uni. .ha. houses the uuge, optical windows ^ ^ 

r The laser or energy source .hen interne, with .he .arge, materia, as previous.y described 2 
The su bseq adsorptjon of ^ ^ or emrgy ^ ^ ^ ^ 

h-gh-denstty flux (HDF) 3. By fixturing .he ,arge. (FIG. 2, with me appropriate ' J 
direconoftheHDF can be controlled. geometry the 

fig ,1" nr Tr i0n emb ° dimCM ' ba ' Ch Pr ° CeSS Whh hea " n8 capabilife » "-Hbed. 

, 1A '„ FI °- 13 ™ d F ' G - 2 - - P-ious,y desenbed, wi.h .he exceprion .ha, a 
n^amenfiy agi d panjc , e staK (MAps) fa ^ ^ ^ ^ ^ ^ 

MAPS es.gn „ d concep, Fhe MAPS design u,i,i Z es and off-axis con.erweigh, ,o create a 
mnge of freq ^ ^ ^ fa ^ ^ _ 

(CPC, through an a,u mi „um fixmre as shown. By tuning ,he fre q ue„cy of ,he svs.em proper 
a 8 ,,.,o„ of the core par.ic.es can be obtained and maimained during .he operafion 7Z 
a Para us. The countersign, is made from 30, series s,ai„,ess s.eel and is anaohed ,o ,he shaft 

mo,or by h ^ ~ - — — ** - weig h , ^ „ ^ 
*t :: 8 as shown by addi,ionai - -fe„=d ,o 

he CPC ^ ough the alummum housing housing ^ iso|a(ed ^ ^ 

by rubber dampmg materia, and coi, springs as shown. The hearing b.ock is loca.ed wi,hin ,he 
*-r I i> and can operate between 300-800 K if desired. 
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agitated particle stage (MAPS^is^ocated^ f **** "* * ~ » 

d». . ■■ w e AOCP ' as dcscribed in F 'G- 4. The maps 

des,g„ unhzes an off-axis counterweigh, ,„ create a range of frequencies and d" I 
5 are then transfer™,! . .u ttequencies and displacements that 

are men transferred to the core panicle transfer system ,CPT<?1 .h™ ,. 

-wn . 3y runmg the frequency of the s y s,em, pU I^Z^ 

ehute The hi . mOVement PaniC '" fr ° m "» ™ - «■» -P« 

ehute. The bottom of the exposure hopper may be slanted to facilitate single dire , 

■0 mo_ The counterweigh, is made ftom 30, series stainless stee, and 

shaft of a rotatmg motor by two setscrews as shown The Ched <° «» 

fastened within the aluminum hous.ng as shown by addftiol " t ^ " 
, the CPTS though the alum.num housing. The ZZZS^T "r 
the apparatus by rubber damping materia, and col, springs as shown M 
1 5 areas (A) and (B) operate the d,, • , SW " CheS locaKd al 

t P de '' Ve0, Md rem0val of ""Processed/processed panicula.es 

These mtcro swnches will operate independently within the CPTS and pmcaU ^ 
300-800'K if desired . ° Per '" e between 

In a third opera.ion embodiment, either the batch or continuous process described abo 

- r ~ rrrr:r~ ~ — - - r ™ : 

ana mo. 5B. FIG. 5A illustrates the use of one or more TJV , 
sources for the CPC or CPTS Fin i, ■ UV-emittmg heat 

of and a heat" ^ "* ° f 3 COmbined UV heat — on top 

ot and a heating source within the CPC or CPTS. 

4.3 Glucocorticoids 

py effecme ,„ such condmons, prolonged administration carries the risk of tovi,', „ 
stde effects (Mutschler and Derendorf I <xm I „ * 
several clinic,,, rr ■ mP ' S " redUCing sid * <*&«s 

30 aeZl ' effiCaC '° US 8lUC — ' - ^ delivery as 

In a recent study, ft was shown that lung specificity is achieved when glucoeonien H 
-penstons are administered intratracheal*. ,„ contrast, lung targeting is „o, 1^" ' 
g,ncocon,co,d solution is aumintstered intratracheal,, presumably because 
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abandon of the .ipophiiic ster oid (Hochhaus „ aL 

::::::r on s,ow re,ea * from ,he — <™ - - ■ — 

The use of „poso m e S has been suggested ,o provide sustained pulmonarv release for 
5 vanous drugs including glucoco „ icoids ^ „ - 

;r; r ( „ Trerab,ay - * ,993; F,e,d,ns a - d Ab - - * "* 

*. .993X However, ahhough hposomes have a high ioading capacity for , ip o phi „ c 
g.ueoeor,,co,ds such as TA under e q ui,ibrium condinons, TA is rapid* reieased under nt 
|o » C o„di,,o„s ftom Ihe „ posome ^ upo „ ditaion ^ admtoration (s ^ :: 
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4.4 Asthma Therapy 

With ,he recogniuon of asthma as a reiapsing inflammatory process inhaied 

g.uc_ids have hecome me firs.-hne treatment in me therapy of cfoomc asthma ( Ba! 

aod Pedersen, 1993; Barnes, 1995; Brogden and McTavish, .992) 

.nhaied g,ucocor,icoids are no, free from systemic side effects when makers such aa 24- 

hour piasma cortisone monitored (Loennebo e, ,996; Grahnen e, ,99.) Theexlof 

potency undesirab.e systemic side effec* represents oniy ha,f of the pro 12 ZZ 
because the asseasmem of iung activity retires the equation of both .oca, pubnonary Z ' 
~ effects. Ahhough there is no q „es,io„ tha, inhaied giucocorticoids are effecn e7„I 
freatmen, of asthma, puimonary -efficacy. „ difflcu „ ,„ ^ J ed 

gU.ocontco.ds, w„h different pharmacokinetic and pharmacodynamic properties and imp™ 

^1 r m : <such as dry powder inhaiers> wi,h in *« be 

po e„„a„y affecting th e puimonary residence time, wifl affec, pu.monary targeting by 
^etmmmg the puhnonary and systemic avaiiabihty of the drug. To pro! 1 app„ 
Rework to evaiua.e the importance of these factors on puimonary seiectiviry, ,he inv ZZ 

P ri a r ica ' raodei that '~ - '—on z 

tZ:T C 7 Pha ™ a — <™« ~ ». the prediction of puimonary J 
s em K eff Receptor occupancy _ seiecKd ^ a ^ ^ 

systems found a Cose correction between the exten, of receptor occupancv and the 
on e b.oiogicai response (Dahiberg « <r, I983 ; Beato „ I972 ; Diaman, a, „ 
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glucocorticoid and the activity at the site of acrinn i 0 n ,u . • u. ■• 

. site ot action (e.g.. the skin blanchine activity) has been 

demons.raled (Hochhaus, ,983: Dn.ga.a e, aL, 1991). Con,™ ,„ a number of drug classes 
Pharmacologic desired and adverse effects of g.ucocorricoids are induced by me same recep,ors' 
Consecuen.lv, pulmonary seieclivity has been defined b y rbe degree in which „e occupancies 
5 01 pulmonary and systemic receptors differ. 

4.S Comparison of Inhaled Glucocorticoids 

Currently available inhaled g,ucocorticoids are based on the 2,-carbon atom cortiso, 
structure with four rings, three six-carbon rings and a five-carbon nng. The synthetic an,, 
mflan^alory glueoconicoids are characterized by fipoph.lic moieties in the « and ,7 position; 
CH„ F or C, mo,=„es in me 6 and 9 positions; and/or double bound carbons in me ,,2 po silion 
0«her essentia, fealures include a ke.one oxygen a, me 3 position, an unsaturared bond be,„een 
•he 4,5 carbons, a hydroxy, group a, the , , position, and a Ketone oxygen at the 20 position By 
ntod.fy.ng the basic structure of g,ucocorticoids, „ is possib,e to alter the affinity for the 
g.ucocorl.co.d receptor (OR) and p,asma protein binding, moduiate the mcabofism pathway 
(ox.dat.on or hydrolytic), and the nssue binding and clearance (Edsbaecker and Jendro 1 998) 

Adequate characerizauon of the overall pharmacokinetic drug properties is a 'necessary 
P-ereomsite for comparing tbe pulmonary targeting. The rime course of the pharmaeo.ogZ 
response , determined by both the concentration and time of free drug a, the receptor site 
Therefore, to assess the systemic exposure of the drug, i. is important to observe me 
g —id concen.ia.ion vs. lime profile in the systemic compartment by monitoring .be 

"™ T' 5 '. ™~ ~^ " 8,ucoco rt icoids, triamcinolone aoetlde 

(TA), budeson.de (BUD), and fluticasone propionate (FP), are described below. 

25 4.6 Triamcinolone Acetonide (TA) 

TA entered .he asthma market as the A^nacon MD, by Wione-Pouienc in ,992. Doses 
of 200-400 mcg)day (,00 mcg)pu„) a, 2-4 limes daiiy were recenfly shown to have compal 
herapeunc effec. in foiced expira,ory vo.ume (Kefly, ,998b). The puimonary deposi.ion ra,,o 

30 'ZT con MDI w,,h spacer has been rcponed ,o b= ™> ^> « - 

995). F^t-pass me.aboHsm in the liver ,o less active metaboliles accounts for me reduced ora 
,oava.,ab„„y of 20-25./. (Derendorf e, a,, ,995). Absolution of TA suspension ,„ ,be lungs 

has been measured ,o be approx.ma.e 2 hours by the difference in h a,f,,ves of inlravenous (, . 

-.0 hours) versus inha.ed ,3.6 hours, doses (Rohamgi „ „/.. ,995; Moflmann e, „/ ,985) 
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TA. a,ong whh flumsol.de. be,o„gs ,o me second genera.ion of g,„c OC onicoids ma. 
show an mcreased recep.or binding afflni.y (RBA = 361, (Wuerthwein e, a, ,992) P.asma 
pro,ei„ binding f or TA. simflar ,o ,he o.her inhaled glucocorticoid, has been rep0 r, d at ^ 
(Derendorf a, ,995, TA has a volume of dis lribu ,ion of ,00,50 L and has a m ea„ 

./ 1995, Mono,,,., ela ,, ,985). Clearance of TA is 37, L/hr and ,he major mcabolhe of TA 
s 6-hy^xy,namc.„o,one ace,o„ide, whe re as .riamcinolone (TC, is o„i y a m i„ or m e t abo,i,= 
(Rohatagi e,ai, 1995; Mollmanneru/., ,985). 

Triamcinolone acetonide phospha.e (TAP), a wa.er-soluble prodrug ,ha, is ra„vt, 
■0 me^d ,0 TA, has been used for ,V administration in humans (L,,^ £j 
TA winch shows dose-dependent Irinerics, has a plasma half-Hfe of 3-4 m,„ and elease 
acuve TA .mmed.ately. No unchanged es.er is found in urine after ,V adminis,ra,io„ 
.nd.ea.mg a complete conversion of TAP prodru g ,o TA. ,„ addition, me ,o,a, bod y cZTe 
of TAP exceeds me heparic blood ftow, i„ di ea ti „g a ,arge con.ribu.ion of eLuZ 

2 P-«y adm.m,ra.,o„ of TAP in a susuained-re.ease liposome formulation resufted in a 

■gher pulmonary residence rime, a prolonged pulmonary effec, and a higher lung ,0 system, 
drug ratio (Suarez et al. , 1 998). =>ysiemic 

20 4.7 Budesonide (BUD) 

(Astra UstTt T^K ^ *"« " Pl "" 

1600 h S " « h "~«^ *> ^.r sys.em. Prescribed doses of 400- 

■600 meg per day have been reported (Kelly, ,998b), wi.h a pulmona^ deposi.ion ra.io 
repotted of 32 % 0M9K) f or the Dp , ^ , 5% for ^ > ° ™" 

» USA, ,997). Abou. 89 % of an oral dose of budesonide undergoes «rs,-pass mill 
rcsuhmg man oral bioavailability of 1 1 % (Thorsson er n/. , 1994). ~ 

Budesonide has a higher recep.or binding af fi „i, y * (RDA - ,35, man TA and a h,ghcr 
proKm hmdmg (88 % , (Thorsson a, a , ,994, „s vo.ume of dlstnbu.ion a. ,eady s.a.e , 8 

0 L a 7 " , " SSUe afflni ' y - BUdeS ° nide " 3 *"« Wi ' h * ^ WEh —'on ra,io 

and h ,gh Cearance (84 Lm, Cose .o hepa.ic b,ood flow. The p.asma ha,f-„fe of budesonide i 

2.8 hours and ,s approxima.Cy ,he same after in.ravenous and inhaia.ion admi„is.ra,io„ 
r S 3 "* ° f — ^ — **» ,„ .he ,u„g ( R yrfe,d. a, rf. ,982, SimI ' 
T^orsson a, * (1994, reported a C.„ of 3, nmol/L a, 0.3 hour after .nhala.ion w Turbo air 
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-d a C„„ of 2.3 nmol/L at 0.5 h after inhalanon * MDI. indicating dtsso.ution of , he . 
powder is not rate limiting. . dl7 

Budesonide has been shown t0 have ta djsso|u ,, on _ fa ^ rf 
*. 199 > and humans <R yr fe,d, „ Q ,, l982 , Thus d _ ^ ' 

ncapsuia t ,on ,„ microspheres or „ ^ ^ - 

£ absorpfon raK of micronjzed budesonMe jn suspension _ - ^™ 
budeson.de ,„ solution ^ jso|a , ed ^ ^ P *a, of 

■«-. difference in lung absorption raK . However when budeso ^ 

.noosed into Uposomes, budesonide showed proionged retention time (^fe^Z 
10 tmratracheal administration (Braftsand and Axelsson 1997, u 6 hr) after 

a ponion of me budeson.de dose is llT, ^l"^ 

~ ;r;;r rr s wi,h * f - - *-> - «J> 

a/., 1997). Such conjugation does not appear to occur with h~i u 
d ipr o pi ona,e, fluticasone prop.onate or o th er inh a,ed gLcor, 
■5 conjugates act as an in.raeeU.ar store of inactive dru g since o„ ly free budesonide " 
g.ucocomco.d reeepro, Current,,, this depot effeer has no, been direct* corned ^ 
.ncrease in the therapeutic effect. correlated to an 

4.8 Fluticasone Propionate (FP) 

20 ^oi:":: Flo ;r r Md - - 

) Uoses of 1 00-200 meg/day for children. 200-500 meg/day for adulls whh 
nr., asthma, 500-.000 mcg/da. for aduhs with mod era,e asthma, and ,000-2 00 £ ay " 

aTofTd^T as,w ™ re ~ ded (Meibota - *"-«. 

Fl IiZ maJ ° n ' y ' mPaCtS °" ° r °>*« region and is swaUowed 

Fu,,caso prop.onate undergoes extensive first-pass metabohsm, rcsuhing in an „ , 

7 2: r b,oa r iiy afcr - 1 : - 

(MAT of 4 9 hours Td Ab — of '^Hc fiulicasone ntoiecuie is s,o„ 

(MAT 4.9 hours), lead.ng ,o proionged retention in the iungs and iower peak plasma 
30 concentrations (Derendorf, 1997). cr peatc plasma 

Fluticasone propionate has a high RBA of isnn . k - u , 
? (Meiboh,. ,99 8 ) compared to TA - .^^2^^ 
propionate at steady state (Vd ) is 315? I «,p, u ■ "uncasone 
- ( Vd ss ) is _>18 L, which , s in agreement with the high lipophilic!* of 
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,996). Rapid hepat.c chance of 66 L/hr minimizes systemic side 
e^cts. w.,„ almost 8 , 100% of , he drug ex£reKd ^ faes J ■ 

carboxylic acid (Holliday e/ a/. , 1 994). . 

5 ha.f ,T AftCT ' V a k dmmiS ' ra ' i0n ' FP fe " 0WS * "P« body mode, with its lermjnai 

a,f-l,fe ran^ between ,. MJ _ „ „ ^ , 996) " 

s>ower *a„ ,ha, of TA and BUO and is ,„e oveta,, ra ,e-„ miIing step in lhe ^ ^ ~ 
enntna, ha,f, if e values of , 0 hours h ave been reported after inh a, ation ^ „ „ ^ 
•narecen, studv it was shown ^ ^ ^ ^ 

«h a mean of 6.0 ± 0.7 hours (MbUmann „ „, 1998 , The reporte(J ^ for ^ ^ 

r^T;?:^ administra,i °- — - - *■ - — - - — 

curve (AUMC) divided by AUC, averaeed 9 1 + i i i. 

rut™ , averaged 9.1 ± U hours (rang from ? 

Z TTsT T The mean abso " ion ,,me after u — of fp - — - C 

from 3.6-6.8 hours wtth a mean of approximately 5.0 hours (MoUmann „*,„ 1998). 

'5 4.9 Formulation Dependent Factors 

Delivery devices such as dry powder inhalers and metered dose inhalers have been 
■proved ,„ ,he ,as, few years sueh ,ha, puhnonary deposit can rang e fr om ,0% 2 
_,o„a, del.very systems «o up ,o 40% for recently d eve,oped third Nation ^ 
^nan „ al , 997) . As . genera , ^ ^ ^ J- 

•0 d^non are beneftcial for a c hi ev ing puhnonary ,ar 6 e,in S ; however, efticien, de, J, is not ^ 
tmponar,, for substances wi,h ,o„ ora, bioavailabihty, because systemic side effect a ed o 
orally absorbed dru g are insignificant (Hochhaus „ at, 1997) 

•he dose'Tr?" 0 " 5 a ' S0 '° dem ° nStrate PU,m °" a - *-* « 

e dose. At low doses, pulmonary and systemic teceptors .re ha rd,y occupied with sma „ 

» dtfferences between pul m „ na ry and systemic receptors. Pulmonary receptors are jl 

b.nd,„ g . At a certam point, . ^ increase in ^ „,„ „, result ° 

receptor occupancy. However, more dtu g win enter the systemic circulation, resuma" 
™ tn .he . ttmic receptor occupancy Md a , oss of puimonajy - 

and h, gh doses of a 8 ,„coco n icoid wil, resui, in Cose supenmpositton of luna and live Jl 
-upancy and, „e„„y, i„ ,„„ pulmonary ^ ^ ^ > 

- a dose opttmum for which maximum pulmonary selectivity is observed. A„hou g h 
record tha, a dose optimum mi g ht no, necessarily be dtrectly .ndicative of clinica, tip 
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in asthma of varying severity, these relationships clearly show that overdosing and under-dosino 
will always go parallel with a decreased pulmonary targeting. 

Interestingly, one of the predominant factors responsible for pulmonarv targeting the 
pulmonary mean residence time, has not been extensively evaluated. Pulmonarv residence time 
> » determined by the release rate of the inhaled particle from an inhaled solid (powder) or an 
alternate delivery system such as liposomes, the absorption rate of dissolved drug across 
pulmonary membranes and the mucociliary clearance which is able to remove drug particles 
from the upper portions of the lung. The absorption across membranes is a rapid process for 
hpophiiic glucocorticoids (Burton and Schanker, 1974), and. consequently, the dissolution rate 
of a glucocorticoid powder will be the main determinant for controlling the pulmonary 
re S1 dence tune. Simulations using a recently developed PD/PD model showed that for 
inhalation products with very rapid release kinetics - a solution would represent this extreme - 
no targeting is observed because of the very fast absorption from the lung into the systemic 
emulation. With decreasing release rate (dissolution rate), pulmonary targeting is increased as 
indicated by a dissociation of pulmonary and systemic receptor occupancies. A further decrease 
m release rate will consequently lead to a decrease in pulmonary targeting as a significant 
portion of the drug is removed via the mucociliary clearance and after swallowing is available 
for oral absorption. Thus, inhaled glucocorticoids should possess certain dissolution or release 
characteristics in order to show significant targeting. 

4.10 Controlled Release 

It has been demonstrated that encapsulation of glucocorticoids into liposomes can lead 
to the enhancement of therapeutic efficacy, with a reduction in their toxicity and prolongation of 
their therapeutic effect (Brattsand and Axelsson, 1997; Suarez aL, 1998). Other methods of 
obtammg controlled release in the lungs, such as polymeric microspheres and 
microencapsulation techniques (Zeng et al, 1 995), are described in this section. 

4.1 1 Biodegradable Microspheres 

Biodegradable polymers are being used in a large number of biomedical applications 
such as resorbable sutures, internal fixation devices, degradable scaffolds for tissue 
regenerate, and matrices for drug delivery. The biocompatibility of these polymers has been 
reviewed (Therin et aU 1992). A variety of synthetic and natural polymers have been found to 
exhibit minimal inflammatory response in var.ous implantation s.tes (Zeng et „/., 1995). 
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The advantages of microspheres over liposomes include greater ranse of s.zes higher 
stability and shelf life, and longer retention in v/vo (up to 6 months) (Zena et al 1995) 
Biodegradation is associated with materials that can be broken down by natural means such as 
enzymatic or hydrolytic degradation (Chu et al., ,995). Biodegradation of P oly(lactic acid) 
5 (PLA), P oly(gl y colic acid) (PGA), and their copolymers P oly(lactic-co- e lycolic acid) (PLGA) 
yield the natural metabolic products lactic acid and glycolic acid, which are incorporated into 
the tncarboxiylic acid cycle and excreted (Edwards et al, 1997). 

Although several reports of inhaled microsphere preparations have shown improvements 
m targeted and sustained drug release, there have been no reports on glucocorticoid 
10 microspheres. PLGA microspheres of isoproterenol, a beta-agonist bronchodi.ator 
intratracheal^ administered in rats was shown to ameliorate bronchconstriction for 12 hours in 
contrast to 30 min after free isopreternol administration (Lai et al., 1993). Preparations of large 
porous particles of PLGA encapsulated testosterone and insulin by double-emulsion solvent' 
evaporation showed effects up to 96 hours while improving deposition (Edwards et al 1997) 
15 Sustained release of 2% rifampin from PLGA microspheres from 3-7 days in guinea pigs has 
been shown to reduce mycobacterium infection in macrophages (Hickey et al 1998) 
Unfortunately, low encapsulation efficiencies (<40%) and concerns of accumulation of slowly 
degradmg polymers in the lungs for long-term use have limited the therapeutic application of 
polymenc pulmonary sustained release systems. 
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4.12 Microencapsulation 

The area of microencapsulation is relatively new, previously limited to solvent 
evaporation techniques (Thies, ,982; Manekar et al., 1992; Conti et al., 1992; Gopferich et al 
1994). Currently there are several different ways of applying coatings to particles in industry' 
mainly through spray-coating technologies (Gopferich et al., ,994). Pranlukast, a luekotriene 
mhibuor, encapsulated with hydroxypropylmethylcellulose (HPMC) nanospheres prepared by 
spray drymg showed an improvement in inhalation efficiency but did not show a significant 
difference in the dissolution rate (Kawashima et al., ,998). The disadvantages of applying 
micron-thick coatings for sustained-release (10-100 microns thick) (Glatt. 1998) is that large 
quantities of solvents must be dried under strong venting and that an increase in particle size 
reduces the inhalation efficiency (Zeng et al., ,995; Talton. 1999). 
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5.0 Examples 

The following examples are included to demonstrate preferred embodiments of the 
invention. It should be appreciated by those of skill in the art that the techniques disclosed in 
the examples which follow represent techmques discovered by the inventors to function well in 
5 the practice of the invention, and thus can be considered to constitute preferred modes for its 
practice. However, those of skill in the art should, in light of the present disclosure, appreciate 
that many changes can be made in the specific embodiments which are disclosed and still obtain 
a like or similar result without departing from the spirit and scope of the invention. 

10 5.1 Example 1 

Currently, dry powder inhalers (DPIs) are used to deliver various drugs to the lungs for 
localized or systemic delivery. Although current formulations and delivery svstems are 
adequate for pulmonary drug therapy, they are limited by potential problems with pulmonary 
deposition characteristics as well as the residence time of the drug after inhalation (Hochhaus et 
ai, 1997). Previously, liposomes were used as a model sustained release system with a substan- 
tial improvement in pulmonary targeting in rats (Suarez et ai, 1998). Liposomes and 
microspheres have been investigated as sustained release delivery systems for the lung (Zeng et 
ai, 1995; Edwards et ai, 1997), but because of complicated manufacturing and wet processing 
a novel dry coating technique previously developed for engineered particulates using pulsed 
laser deposition (PLD) is proposed (Fitz-Gerald, 1998). It is proposed that modification of the 
release rate of the drug from dry powders by applying a biodegradable polymer coating would 
greatly enhance the pulmonary residence time, and thus improve pulmonary targeting. 

Over the past few years, the pulsed laser deposition (PLD) technique has emerged as one 
of the simplest and most versatile methods for the deposition of thin films of a wide variety of 
materials (Chrisey and Hubler, 1994). The stoichiometric removal of the constituent species 
from the target during ablation (/.*.. a monomer and nanoclusters of polymer) from a polymer 
target, as well as the relatively small number of control parameters, are the two major 
advantages of PLD over some of the other physical vapor deposition techniques. No studies 
have currently been performed using biodegradable polymers for coating materials by PLD so 
comparison of the molecular structure of the deposited films to original material was performed 
to ensure that the polymer structure remained intact after deposition. 

Overall this section describes the use of PLD to ablate a target of biodesradable 
polymer, P oIy(lactic-co-glycolic acid) (PLGA 50:50), to coat budesonide (BUD) micronized 
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drug particles for ,0 (BUD10) and 25 (BUD25) min runs. Chazac.er.za.ion of films deposited 
on s.l.con wafers or glass slides was performed using SEM. FTIR, and NMR «o characenze 
polymer structure and morphology. The BUDIO and BUD25 coated powders were tested in 
vuro to assess differences in the dissoiution rates. The BUD25 coated drug formutaion was 
admmis.ered in.ra.rachea.ly /„ v, vo in rats ,„ m „„ iIor plasma concentration and .mprovemen. in 
pulmonary target.ng. Comparison of the plasma concentrations after IT administration of the 
coated powders with uncoated BUD powders and IV administrate of BUD solution, as well as 
wt,h FP after !T administration, were performed to compare absorption rn.es. Finally the 
pulmonary targeting of coating BUD25 powders after IT administration was compared with the 
pulmonary targeting of uncoated BUD and FP powders after IT administration and BUD 
solution after IV administration. Verification of deposited polymer on silicon wafers using 
NMR and FTIR was used to characterize molecular suncture. Tfte use of a coated panic,! 
formulation of budesonide (BUD25) with slower dissolution characteristics ,„ rltro was 
del.vered in v,Vo in rats ,o observe differences in absorption and pulmonary targeting 

Although the comparison of particle size and morphology using SEM was more or less 
qual.ta.ive and no. quantitative, SEM pho.omicrogmphs of ,he polymeric coatings after 
depos.tion show ,h= relatively nanometer .hick level of coatings fonned using Ute PLD 
technic. SEM photomicrographs of polymer deposited onto silicon wafers « different tun 
tunes suggested tha. 1 00-nanometer size or smaller droplets were deposited and formed a 
conunuous coating after several min. SEM photomicrographs comparing uncoated particles .o 
coated particles showed no observable difference in particle size after coating, bu, this is 
d.fficul, ,o quantise with standard techniques a. ,he nanome.et level. Further analysis should 
be perfomted ,o accurately quantitate the coating struc.ure and thickness, bu. HPLC analysis of 
d,sso,ved coa,ed powders in solu.ion compared .o pure powder showed polymer mass less man 
^5 0. 1 % weight. 

Analysis of ,he polymer samples using FTIR and NMR verified ,ha, .he deposited 
polymer re .ai„ed its molecular s,tuc.ure after deposiuon. Analysis using FTIR was successful 
m conf.rn.ing tha, the general companion peaks of me polymer backbone did no. change 
dramatically after deposition. Characterization using NMR also showed similar characteristic 
peaks between PLGA deposited on silicon wafers and original PLGA. Both techniques were 
no, quan,i,a.ive, .hough, because the sensitivi.y and the scans are dependen, on the amount of 
matenal used, and as stated above only a small amount of poiymer is deposi.ed using this 
technique. 
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Dissolution analysis /„ w, ro of BUDIO (10 m i„ coating) and BUD25 (25 min coating) 
showed biphasic dissolut.on ra.es with T m of 29 and 60 min. respectively. There appears ,o be 
an early release of uncoared drug in the fi rst 5 m i„. and .hen a slow release of drug from coa,ed 
particles over ,-2 hours. This re,ease ma y be beneficial .o obrain .herapeu.ic levels 
tmntedtate.y, while <he coa t ed portion released over 1-2 hours maintains concen.ra.ions close ,o 
therapeutic levels longer while reducing systemic spillover. 

In rat studies, the peak plasma concentrate of BUD25 after intratracheal administration 
was a, .X. hour (v, 0.5 hour for free powders,. While the AUC appears ,„ be higher than for 
the ftee BUD powders, verification of powder formations showed an approximately rwo-fold 
tncrease in the dose admtnistered to mts. The MAT was calculated to be 0.8 hour v, 0 3 hour 
for the free powder, interestingly similar to the ,„ v,V TO dissolution half-.ife of , 0 hour 
Although this cnange in the ,„ vllro d . sso|ut . on ^ ^ absoiT , on ^ ^ ■ 

father studies shou!d be performed with coatings of longer dissolution ra,e to ftulher evaluate 
the relauonship of dissolution rate on absorption rate and pulmonary targeting 

The receptor-binding profiles in ra* for BUD25 showed an im pro veme„, in pulnionary 
•argettng over BUD free powders in the <ung v, fiver and lung v, kidney, and a higher 
pulmonary targeting that FP when comparjng ^ ^ ^ ^ ^ ^ 

k.d„ey. ,„ addition, the pu,monary MET increased almost 2 hours to 5.5 hours compared ,„ 3 6 
hours after the free powder. Considering the implement in pulmona^ taking by only 
changtng the dissolution rate of budesonide, this strongly suggests ,ha, the increase in 
pumonaty targeting of BUD25 coated powders is obtained by controlling the release rate of 
budesonide into the lung. 

Currently, there is much interest in controlling release of biotechnology and gene 
therapy agents in the lungs (Edwards e, a,, ,997). Other technics including low-denstry 
microspheres (Edwards e, a,.. ,997), spray-coated microparticles (Witschi and Mrsny ,999, 
conventional mtcrosphe.es (PiUai e, a,., ,998), and liposomes (Brattsand and Axelsson 1997-' 
Suarez „ a ,, l998) have ^ ^ ^ ^ ^ ^ ^ ^ J • 

Admm.stmtion approval, .ncreases in the pulmonary half-lives up to ,8 hours of loCally-active 
agents ,„ liposome formulations have been shown (Fielding and Abra, 1992: McCullough and 
ultano, 1979). ,„ panicular , (he p|asma co „ centra , lon profi|es ^ ^ 

hposome encapsulated triamcinolone ace.onide P hos P ha.e showed an increase in the mean 
absorption time from liposomal release (5.6 hours, and resulted in a statistically significant 
tncrease ,„ pulmonary targeting (Suarez „ a,.. 1998). Although the PLOA coated budesonide 
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dry powders presented here only resulted in an increase in the MAT of 0.8 hour when compared 
to uncoated budesonide. a statistically significant increase in pulmonary targeting was also 
observed. This would indicate that small changes in the release rate of pulmonarv drug 
formulations enhance the local vs. systemic effects observed (Talton, 1 999). 

5-2 Example 2 

Various coarings of poly(,ac,ic g lycoIic) acid (PLOA, were deposited onto mironized 
TA pan.ce,, another currendy used anti-asthxna drug, under simitar coating conditions with 
PLOA, tn order «o tes, sustained-release dissolution profdes. The coatings were of nanometer 
d,mens,ons and extended release rate of the drug beyond 24 hours, as shown in FIG 6 

The coared TA2 powder (coated a, 2 henz) reached 90% release at approximately , 2 
hours and the coated TA5 powder (coated at 5 hertz) reached 90-/. release beyond 24 hours 

Lts™ Pared UnCOaKd miCr ° niZed ^ ' hat 9 ° % releaSe " 2 

Aerodynamic particle size of coated powders, using an Anderson Mark I! Caacade 
Impactor, showed no statistically significant increase in panicle size. ,„ addition, although no, 
statistically significant, the tespirabie fraction (stages 3 to 5) of coated TA showed an increased 
deposition compared to uncoated TA. 

in vnro ra, alveolar cell survival and proliferation at various concentrations of coated vs 
uncoated drugs was compared using the tetrazolium based colorimetric assay (MTT) Cell 
vtabthty decreased when mcubating cells with h.gh concentration for a longer time pcrtod with 
no stgmficant difference in cell toxicity between uncoated and coated TA. 

5.3 Example 3 

Mycobaceriun, ,u be rcu,os,s (MTB) is the most prevalent infectious agent infecting one 
thtrd of the world's population. Coinfecion of tuberculosis (TB) *rd Human 
mmunodefieiency Virus (HIV, is present in a significant number of new TB cases. Panicularly 
dangerous is the emergence of Multiple Drug Resistant (MDR) strains that increase the spread 
and chances of infection of this airborne microorganism. Therefore, the need exists for 
developing drugs and pharmaceutical formations that are more effective in localized treatment 
of the d.sease. This example describes the preparation of microencpsulated drug panicles 
contatnmg rifampin, and their delivery to the lungs to specifically targe, alveolar 
macrophages, the host cells of this organism. 
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foll H K " 8enera " y inha ' ed emer a ' Ve0 ' ar maCr ° pha -=- * binding 

2T ,m r ali r ion (Femon - ,996) From the ,unss ,he mi — - — • 

— t,o„ of infect cefis remains , h e , ung , Ge„e rally , o ral .herap.v of 450 . 600 mg ^ 
of nfarnp,™ ,s ,he firs. „„e .herapv for tubcrculosi , UnMke * > 

une„ tly .here are no inba,ed formulatlons for TB ^ ^ J- 
een ,„ve SOg a,ed and shown efficac y in guinea pigs (Hickey , , 998 , ,„ 

^ * at s " re,Mse - ^ - a Stoa therapies , such e : 

—one acconide and budesonide, showed improved .oca, vs. syst emic effects Whiie 
,nha,a„on ,herap y is used ,o induce significant pu.monar. effects wifi, reduced s y s,em,c side 

.argeung. These ,nc,ude ,ow oca, bioavai,abi,i,v, high s y s,emic Ceatance. and disfiZ 
puimonar. deposition (Hochnaus, ,997, The most ^ ^ ^ ^ ~ 

•he fi.era.ure is ,he s.ow pu.monar, absorption of fine de P osi.ed drug 

The panicle size of co mm ercia„ y avai.ab.e rifampin ranges from abou. ,00 ,o abou, 500 
— Usmg a miIling pr0 _ ^ comprises je[s of ^ ^ a smau ^ 

^ b a, ly by the ^ hiniog each ^ ^ ^ ^ ; _ ^» 

^ . hove S microns, about 50% _ „ ^ ^ rf ^ ^ ] ^ ^ ~ 

25/. of the P an,c,es were s mall er than ahou, , micron. These ratios can he ahered h y 
controlhng the runtime and pressure of the jets in ,he mill. X 
500 mg of the the , to 5 m icro„ size fraction was seiected and coated for ,0 nunutes 

lie i;: T r hod described abov= - *• — — — 

reached 90 /. reicasc after 6 hours compared to fas. release of uncoa.ed RJF, which reached 90% 
teiease w„ ,„ ,5 min C P.O. 8, Similar .o TA, partiCe size did no, increase s,g„,fi C a„ t , y afte 
coatmg aud showed no difference in cel, viabili, y after incuhafion compared .o uncord 
powders a. similar concen.ra.ions. uncoated 

6.0 References 

The following li.cra.ure citations as we,, as .hose ci.cd above are ,„corpora,ed in 
perttnen. pan b y refcence herein for .he reasons ci.ed in ,he above ,ez, 
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All of the compositions and methods disclosed and claimed herein can be made and 
executed without undue experimentation in light of the present disclosure. Whi le the 
compositions and methods of this invention have been described in tenns of preferred 
embodiments, i, win be apparent ,o those of skiU in the art that variations may be ap P ,ied to the 
composition, methods and in the steps or in the sequence of steps of the method described 
hereto without departing from the concept, spirit and scope of the invention. More specifically 
.. wtll be apparent that certain agents which are both chemically and physiologically related 
may be substituted for me agents described herein while the same or similar results would be 
achteved. All such similar substitutes and modifications apparent to .hose skilled in the an are 
deemed to be within ,he spirit, scope and concept of the invention as defined by the appended 
olatms. Accordingly, the exclusive rights sough. ,o be patented are as described in ,he claims 
below. 
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A mechcament comprising a plurality of coated drug particles, each having an average 
part.de size of less than about 500 am in diameter, the surface of said particles 
comprising at least a first layer of polymeric coating particles, said coating particles 
being selected from the group consisting of PLA, PGA, and PLGA, wherein said 
polymeric coating particles are deposited onto the surface of host drug particles by a 
process comprising pulsed laser ablation, and wherein the average thickness of said 
coating layer is on the order of about 1 to about 500 nm. 



The medicament according to claim 1, wherein said drug particles have an average 
particle size of less than about 400 um in diameter. 



The medicament according to claim 1 or 2, wherein said drug particles have an average 
particle size of less than about 300 um in diameter. 



The medicament according to any preceding claim, wherein said drug particles have an 
average particle size of less than about 200 um in diameter. 



The medicament according to any preceding claim, wherein said drug particles have an 
average particle size of less than about 100 um in diameter. 



The medicament according to any preceding claim, wherein said drug particles have an 
average particle size of less than about 50 um in diameter. 



The medicament according to any preceding claim, wherein said drug particles have an 
average particle size of less than about 10 um in diameter. 



WO 00/28969 55 PCTYUS99/27401 



8- The medicament according to any preceding claim, wherein said drug particles have 
average particle size of less than about 5 um in diameter. 



an 



9- The medicament according to any preceding claim, wherein said drug panicles have an 
average particle size of less than about 1 um in diameter. 

10 

10. The medicament according to any preceding claim, wherein said drug particles have an 
average particle size of less than about 0.1 um in diameter. 



15 11. The medicament according to any preceding claim, wherein the average thickness of 
said coating layer is on the order of about 1 to about 400 nm. 



12. The medicament according to any preceding claim, wherein the average thickness of 
sa«d coating layer is on the order of about 2 to about 300 nm. 



13- The medicament according to any preceding claim, wherein the average thickness of 
said coating layer is on the order of about 3 to about 200 nm 

25 



.4. The medicament according , 0 My prec£d . ng da . m _ where . n ^ ^ 
sa.d coaung layer is on the order of about 4 to about 100 nm. 

30 .5. The medicament according ,„ any preceding claim> wherejn ^ ^ 
satd coating layer is on the order of about 5 to about 50 nm. 
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■o. ,ne memcament according to an.v preceding Cain, wherein the average Qf 
said coating layer is on the order of about 50 to about 500 nm. 



^ 1 7. The medicament according to any preceding claim, wherein the average thickness of 
said coating layer is on the order of about 100 to about 500 nm. 



10 



IS. Tne tnedicarnen, according , 0 any pfeceding ch . m where . n ^ 
sa.d coating layer is on the order of aboul 150 ro about 500 



nm. 



15 



19- The medicament according to any preceding claim, wherein the average thickness of 
saxd coating layer is on the order of about 200 to about 500 



20 



nm. 



20. Tfce medicament according to any preceding claim, wherein the average thickness of 
said coating layer is on the order of about 300 to about 500 nm. 

21- The medicamem according to ^ pr£ceding ^ aver ^ ^ 

polymeric coating particles is less than about 50 nm in diameter. 



25 22. The medicament according to any preceding claim, wherein the average size of the 
polymeric coating particles is less than about 40 nm in diameter. 



23. The medicament accordmg to any preceding claim, wherein the average size of the 
polymeric coating particles is less than about 30 nm in diameter. 



24. The medicament according to any preceding claim wherein the 

nm in diameter. 



^ ! average size of the 

polymeric coating particles is less than about 20 
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25. The medicament according to any preceding claim, wherein the average size of the 
polymeric coating particles is less than about 10 nm in diameter. 



26. The medicament according to any preceding claim, wherein the average size of the 
polymeric coating particles is less than about 5 nm in diameter. 



27. The medicament according to any preceding claim, wherein said polymeric coating 
particles are applied to the surface of said drug particles to form a continuous layer. 



15 28. The medicament according to any preceding claim, wherein said polymeric coating 
parties are applied to the surface of said drug particles to form a discontinuous layer. 



29. The medicament according to any preceding claim, wherein said coating comprises 
20 particles of PLGA, PLA, or PGA. 



30. The medicament according to any preceding claim, wherein said coated drug particles 
^ comprise an anti-allergic, an antibiotic, an anti-inflammatory, or a bronchodilatory drug. 



31. The medicament according to any preceding claim, wherein said drug particles are 
selected from the group consisting of budesonide, triamcinolone acetonide, and 
rifampicin. 

30 



32. A pharmaceutical formulation comprising the medicament of any preceding claim. 
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33. IThe tormulat.on according to claim 32. comprising from 0.01% to 10% by weight of 

sa.d med 1C ament relative to the total weight of the formulation. 



5 34. The formulalion accordjng to da . m 32 ^ ^ comaining from Q ^ ^ ^ 
sa,d med.cament relative to the total weight of the formulation. 
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15 
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35. The formulation according ,o any one of claims 32 ,o 34, comprising . respirable 
fracon of from about 20% to about 50% or more by weigh, of said medicament. 

36. The formulation according to any one of claims 32 to 34, mrmer comprising a second 
medicament. 



37. The formation according to claim 36, wherein said second medieament is a par,icu,a,e 
medicament. 



38. The forn.uia.ion according ,o ciaim 36, wherein sa.d second medicament comprises 
medtcament in accordance with any one of claims 1 to 3 1 . 



39. The formation ending to any one of c|ajms ^ ^ ^ ^ ^ 

bronchodilatory medicament and a second medicament selected mom the group 
consisting of an antiinflammatory agent, a bronchodilatory agent, an antibiotio agen, 
and an anti-allergic agent. ' 



40. The fonnulation according ,o any one of claims 32 to 39, mrther comprising a vehiele 
smtable for aerosol administration of said formulation. 
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I he formulation according to claim 40. further comprising a propellant. 



42. The formulation according to claim 41, wherein said propellant is selected from the 
group consisting of a fluorocarbon and a hydrogen-containing chlorofluorocarbon. 



43. A therapeutic kit comprising the medicament of any one of claims 1 to 31, or the 
formulation according to any one of claims 32 to 42, and instructions for the 
administration of said medicament. 



44. 



45. 



46. 



The therapeutic kit of claim 43, further comprising an aerosol delivery apparatus or a 
medical device suitable for pulmonary administration of said medicament. 



A method of treating a respiratory disorder in a human patient, which comprises 
administration by inhalation of an effective amount of the medicament of any one of 
claims 1 to 3 1, or the pharmaceutical formulation according to any one of claims 32 to 
42. 



A method of treating a pulmonary infection in a human patient, which comprises 
admmtstration by inhalation of an effective amount of an antibiotic medicament 
according to any one of claims 1 to 31, or the pharmaceutical formulation according to 
any one of claims 32 to 42. 



47. 



A method of increasing the bioavailability of a particulate medicament, comprising 
coating the surface of said particulate medicament with a layer that comprises a plurality 
of polymeric particles, said polymeric particles being selected from the group consisting 
of PL A, PGA, and PLGA. 



48. 



49. 
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The metnod of claim 47. where.n sa.d ,a yer is coated onto said medicament by expos ing 
parttc.es of said med.cament under suitable pulsed vapor deposition conditions sufficient 
to coat the surface of said medicament with said polymeric particles. 



The method of claim 48; wherem . s cQated sa . d med _ cam ^ 

ablation. J 
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50. The method of claim 48, wherein said layer comprises a continuous coating of a 
plurality of said polymeric particles. 



51. 



15 



The m e,h„d of claim 48, wherein said layer comprises a discontinuous coattng of . 
plurality of said polymeric particles. 



20 



52. A method of preparing a coated dntg partic.e, comprising deposing „„ to me surface of 
a host dntg partic* a, leas, a firs, layer that comprises a plurality of polymeric coating 
Pamelas, said coating particles being selected from .he group consisting of PLA PGA 
and PLGA by a process comprising pulsed laser ablation under vacuum, wherein the' 
average thickness of said layer is on the orderof about 1 to about 500 nm 



25 53. The method according to claim 52, whemin said pulsed laser ablation compnses a ,aser 
having a wavelength of about 240 to about 280 nm. 



55. 



The method according to claim 52 or 53, whemin said pulsed laser ablation comprises 



J" laser having a wavelength of about 248 nm. 
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